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THE SMOKELESS COM])USTION OF COAL IN
BOILER PLANTS

By D. T. Raxpvarr and H. W. WEEKs.

NOTE.

The drawings used as a basis for figure 1 (p. 13) and figure 3 (p. 15) of this
report were supplied by Mr. A. Bement, of Chicago, and are slightly modified
from the form in which they appeared in the Peabody Atlas, edited by Mr.
Bement and published (Chicago, 1906) by the Peabody Coal Company.

The title line under figure 3, page 15, should read as follows: *‘Fioure 3.—
Chain-grate stoker serving a tile-roof furnace designed by A. Bement, with «
Babcock & Wilcox boiler.” :

Figure 27, page 105, represents a Dorrance furnace.

The drawings used as a basis for figures 29 and 30 (p. 106) and figure 31
(p. 107) were reproduced from the Peabody Atlas.

For the drawings used as a basis for other illustrations in this report the
authors are indebted to the kindness of the Westinghouse Machine Company,
the Underfeed Stoker Company of America, the Green Engineering Company,
the Murphy Iron Works, the Water Arch Furnace Company, the Detroit Stoker
and Foundry Company, Charles J. Dorrance, the Burke Furnace Company,
James McMillah & Co., G. 8. Calder, and the Hawley Down Draft Furnace
Company. .

tionable. Proper equipment, efficient labor, and intelligent super-
vision are the necessary factors. :

INVESTIGATION OF INDUSTRIAL PLANTS.

SCOPE AND PURPOSE.

In the investigation of industrial establishments a study was made
of the conditions in thirteen of the larger cities in Illinois, Indiana,
Kentucky, Maryland, Michigan, Missouri, New York, Ohio, and Penn-
sylvania, between 400 and 500 plants being inspected. Sufficient
information was collected to make the data from 284 plants of value

5



6 ’ SMOKELESS COMBUSTION OF COAL.

for this report. In nearly every city visited coal was supplied from
points both in and out of the State, so that although but nine States
were visited, the facts ascertained apply to coals from a greater
number.

The main purpose of the inspection was to obtaln a better knowledge
as to the influence on smoke production of furnace design and of the
condltlons under which combustion takes place.

SUMMARY OF CONCLUSIONS.

The results of this investigation are set forth in detail on later pages
of this volume. The general conclusions to be drawn can be summa-
rized in a few paragraphs.

Smoke prevention is possible. There are many types of furnaces
and stokers that are operated smokelessly.

Any one kind of apparatus is effective only if so set under boilers
that the principles of combustion are respected. The value to the
average purchaser of a manufacturer’s requirement on this point
lies in the fact that he is thus reasonably certain of good installation.
A good stoker or furnace poorly set is of less value than a poor stoker
or furnace well set. Good installation of furnace equipment is neces-
sary for smoke prevention.

Stokers or furnaces must be set so that combustion will be complete

before the gases strike the heating surface of the boiler. When partly
burned gases at a temperature of, say, 2,500° F., strike the tubes of a
boiler at, say, 350° F., combustion is necessarily hindered and may be
entirely arrested. The length of time required for the gases to pass .
from the coal to the heating surface pr obably averages considerably
less than one second, a fact which shows that the gases and air must
,be intimately mixed when large volumes of gas are distilled, as at
times of hand firing, or the gas must be distilled uniformly, as in a
mechanical stoker. By adding miming structures to a mechanical
stoker equipment both the amount of air required for combustion and
the distance from the grates to the heating surface may be reduced
for the same capamty developed. The necessary air supply can also
be reduced by increasing the rate of combustion.

No one type of stoker is equally valuable for burning all kmds of
coal. The plant which has an equipment properly des1gned to burn
the cheapest coal available will evaporate water at the least cost.’

Although hand-fired furnaces can be operated without objection-
able smoke, the fireman is so variable a factor that the ultimate solu-
tion of the problem depends on the mechanical stoker—in other
words, the personal element must be eliminated. There is no hand-
fired furnace from which, under average conditions, as good results
can be obtained as from many different patterns of mechanical stoker,
and of two equipments the one which will require the less attention
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from the fireman gives the better results. The most economical
hand-fired plants are those that approach most nearly to the continu-
ous feed of the mechanical stoker.

The small plant is no longer dependent on hand-fired furnaces, as
certain types of mechanical stokers can be installed under a guaranty
of high economy, with reduction of labor for the fireman.

In short, smoke prevention is both possible and economical.

PERSONNEL.

This investigation was carried out under the direction of D. T.
Randall, L. F. Beers and H. W. Weeks procuring most of the data.
Mr. V\reeks has also prepared a large portion of the report. In the
collection of the information much assistance was given by the city
smoke inspectors, by manufacturers of boiler-room equipment, and
by the owners of the plants visited, and to them especial thanks are
hereby extended for their active cooperation.

METHOD OF COLLECTING DATA.

On entering a city a list was obtained of the plants where mechan-
ical stokers or special devices for hand-fired furnaces were in-opera-
tion without smoke. Smoke observations were taken on the stacks
at these plants, or records at the smoke inspector’s office were reviewed
to determine the plants to be visited. The stack was always watched
at times when the plant was running under average conditions, and
always without™ the knowledge of the engineer or fireman. The
length of the observations varied from one hour to ten hours, although .
a one-hour record determined whether a stack was good or bad. The
observer usually checked this record by watching the stack during
several shorter periods while he was in the city.

During the visit to each plant an attempt was made to obtain data
enough so that the furnace and boiler setting could be duplicated.
All 1nformat10n except that in regard to drafts and furnace measure-
ments was supplied by the manager or the engineer in charge of the
plant. The engineer usually knew the approximate amount of coal
burned per day on heavy and light loads and the number of boilers
used to carry the load. Draft readings were taken to obtain the
drop in draft through the boiler and to learn the effective draft which
burned the coal. Special notice was taken of the methods of opera-
tion to determine whether in case the plant was duplicated the same
results could be expected if it was operated by the average fireman.

SIZES OF COAL.

The size of the coal which was being burned at the various plants
inspected is stated in the tables as run-of-mine, sized egg or nut, and
screenings, except for the Illinois plants, where the sizes are given



8 SMOKELESS COMBUSTION OF COAL.

as Nos. 1, 2, 3, 4, or 5. The standard for sizing coal is not uniform
over the whole State of Illinois, but in Williamson County washed
coal is passed over screens with round openings and is sized and num-.
bered as follows:

No. 1, coal passing through 3-inch screen and over 1§-inch screen.
No. 2, coal passing through 14-inch screen and over 1-inch screen.
No. 3, coal passing through 1-inch screen and over §-inch screen.
No. 4, coal passing through $-inch screen and over }-inch screen.
No. 5, coal passing through }-inch screen.

About half the washerles in Ilhn01s size coal according to the above
scheme.

DEFINITION OF BOILER HORSEPOWER.

To determine the percentage of the rated capacity being developed
it was necessary to assume the amount of coal each plant burned per
boiler horsepower per hour. To a mechanical engineer the term
“boiler horsepower” suggests two things—a measure of the rate of
work and a measure of the capacity of the boiler.

Rate of work.—The measure of the rate of work of a boiler is based
on an arbitrary unit of an evaporation of 30 pounds of water per
hour from a feed-water temperatlon of 100° F. into steam at 70
pounds gagé pressure. This unit is termed a boiler horsepowel and
was suggested as of possible value at a time when a good engine had
a water rate of about 30 pounds per hour. It became so widely
used that in 1885 it was adopted by the American Society of Mechan-
ical Engineers as a standard for conducting steam-boiler trials. The
revised code of the society defines it as follows: “The unit of com-
mercial horsepower developed by a boiler shall be taken as 344 units
of evaporation per hour—that is, 344 pounds of water evaporated
per hour from a feed-water temperature of 212° F. into dry steam
of the same temperature. This standard is equivalent to 33,137
British thermal units per hour. It is also practically-equivalent to
an evaporation of 30 pounds of water from a feed-water temperature
of 100° F. into steam at 70 pounds gage pressure.” The unit of
- evaporation is thus equivalent to 965:7 British thermal units.

Capacity of boilers—The measure of the capacity or rating of a
boiler is variable, there being no standard. Under a proper method
of rating the proposed rated capacity should be attained when using
average coal, giving average attention to firing, and using only part of
the available draft, yet obtaining good economy. To rate all boilers,
whether of the water-tube or fire-tube type or a combination of the
two, on the basis of 10 square feet of heating surface per boiler
horsepower is becoming a general practice, as this method comes
within the required conditions.
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DETERMINATION OF TOTAL HEATING SURFACE.

The determination of the total heating surface with sufficient
accuracy for ordinary purposes is not difficult. A short approximate
method for any boiler is to figure the heating surface in the tubes
and divide it by 0.85 for a return tubular boiler or by 0.90 for a
water-tube boiler. In case the return tubular boiler has an arch
over the top for gas passage, giving a so-called third return, it is
necessary to add from 100 to 200 square feet to the result to obtain
the total heating surface.

This short method may be proved by two examples, as follows:

(1) Take a return tubular boiler which is 18 feet long and 6 feet
in diameter, with 72 4-inch tubes. According to Kent, the square
feet per foot length for a 4-inch tube =1.047; then—

1.047 X 18 X 72 =1,357 square feet in tubes.
3.1416 X 6 X 18 =339 square feet in shell.
(3.1416 X 9) — (72 X 3.1416 X 0.172) X 2 =44 square feet in tube

sheets. :
Hence the total effective heating surface=1357 +?’ﬁ) +44=1570;
u i'g%=0.863+, hence approximately 85 per cent of the total

effective heating surface of a return tubular boiler is in the tubes.

(2) Take a Heine water-tube boiler having 116 tubes 3% inches
in diameter and 18 feet long and a 42-inch drum 21 feet 6 inches
long.- According to Kent, the square feet per foot length for a 34-inch
tube=0.916; then 0.916 X 18 X116 =1,912 square feet in tubes. The
approximate dimensions of the water legs are 6 feet 6 inches by 4
feet =26 square feet; the tube area in water legs=8 square feet; and
the heating surface in water legs=(26X2)—(8X2)=36 square
feet. The effective heating surface in (11'11111_3‘1—416—X—3—6—>—<H§—
118 square feet. Thus, the total effective heating surface=
1,9124+36+118=2,066 square feet; but ;géz
approximately 92 per cent of the total eﬁ'ectlve heating surface of
a Heine water-tube boiler is in the tubes. In ‘other types of water-
tube boilers the ratio was found to be lower; but 90 per cent may
be assumed as a fair average ratio.

=0.925+, hence

TESTS BY THE GEOLOGICAL SURVEY.
GENERAL STATEMENT.

During 1904 to 1906 coals from all parts of the United States were
burned at the government fuel-testing plant at St. Louis, in furnaces
which were in the main of the same design. Most of the tests®

a For descriptions of the plant and tests see Bull. U. S. Geol. Survey Nos. 261, 200, 323, and 332.
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were made on a hand-fired furnace under a Heine water-tube boiler.
The lower row of tubes of the boiler supported a tile roof for the
furnace, giving the gases from the coal a travel of about 12 feet before
coming into contact with the boiler surface. This furnace is more
favorable to complete combustion than those installed in the average
plant. A number of coals were burned in this furnace with little or no
smoke, but many coals could not be burned without making smoke
“that would violate a reasonable city ordinance when the boiler was
" run at or above its rated capacity. - Boilers having furnaces installed
under less favorable conditions will give off more smoke.

In 1907 the steaming section of the St. Louis plant was moved to
Norfolk, Va., where subsequent tests of this nature have been made.
The plant at Norfolk was equipped with two furnaces—one fired by
hand and the other by a mechanical stoker. Both were operated
under Heine boilers.

In the course of the steaming tests at St. Louis and Norfolk some
special smoke tests were made and the influence of various factors
in smoke production was noted. As the tests were made as far as
possible under standard conditions, with a minimum of variation in
boiler-room labor, the results bring out the importance of other fac-
tors such as character of fuel and’furnace/design.

SUMMARY. OF CONCLUSIONS.

A detailed discussion of these tests, with numerous tables, is
presented on pages 139-167 of this volume. A brief summary of the
general conclusions is as follows:

A well-designed and operated furnace will burn many coals with-
out smoke up to a certain number of pounds per hour, the rate vary-

-ing with different coals, depending on ‘their chemical composition.
If more than this amount is burned, the efficiency will decrease and
smoke will be made, owing to the lack of furnace capacity to supply
air and mix gases.

High volatile matter in the coal gives low efficiency, and vice versa.
The highest; efficiency was obtained when the furnace was run at
low capacity. When the furnace was forced the efficiency decreased.

With a hand-fired furnace the best results were obtained when
firing was done most frequently, with the smallest charge.

Small sizes of coal burned with less smoke than large sizes, but
developed lower capacities.

Peat, lignite, and subbituminous coal burned readily in the type
of tile-roofed furnace used and developed the rated capacity with
practically no smoke.

Coals which smoked badly gave efficiencies 3 to 5 per cent lower
than the coals burning with little smoke.

Briquets were found to be an excellent form for using slack coal
in a hand-fired plant. They can be burned at .a fairly rapid rate
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of combustion with good efficiency and with practically no smoke.
High-volatile coals when briquetted arve perhaps as valuable as low-
volatile coals when not briquetted.

A comparison of tests on the same coal washed and unwashed
showed that under the same conditions the washed coal burned
much more rapidly than the raw coal, thus developing high rated
capacities. In the average hand-fired furnace washed coal burns
with lower efficiency and makes more smoke than raw coal. How-
ever, washed coal offers a means of running at high capacity, with
good efficiency, in a well-designed furnace.

Forced draft did not burn coal any more efficiently than natural
draft. It supplied enough air for high rates of combustion, but as
the capacity of the boiler mncreased the efficiency decreased and the
percentage of black smoke increased.

Most coals that do not clinker excessively can be burned with 1
to 5 per cent greater efficiency and with a smaller percentage of
black smoke on a rocking grate than on a flat grate.

Air admitted freely at firing and for a short period thereafter
increases efficiency and reduces smoke.

As the CO in the flue gas increases the black smoke increases; the
percentage of CO in the flue gas is therefore, in general, a good guide
to efficient operation. However, owing to the difficulty of deter-
mining this factor, combustion can not be-regulated by it.

The simplest guide to good operation is pounds of coal burned per
square foot of grate surface per hour.

REPRESENTATIVE BOILER PLANTS BURNING COAL
-WITHOUT SMOKE.

GENERAL STATEMENT.

Bulletin 334, the preliminary report on smokeless combustion,
takes up information collected and conclusions reached while asser-
bling the data summarized in the present report and sets forth many
facts of general interest that are not discussed in the following pages.
This paper deals especially with the equipment of particular boiler
plants which were found to be burning coal without smoke, and with
the essentials of good furnace design. A brief summary of thegeneral
conclusions is presented on pages 171-172. The details on which
these conclusions are based are set forth in the following pages.

For the sake of clearness the important features of the equipment
of the boiler plants visited are stated in tabular form.

Although there were very few plants at which-all the items covered
by the tables could be ascertained, the more essential details—those
bearing directly on the subject of smoke prevention—were obtained
at nearly every plant. The density of the smoke is stated on a
percentage basis, 0 meaning a clean stack and 100 per cent meaning
dense black smoke.
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In the tables the furnace dimensions are checked by letters from A
to H, which refer to the dimensions indicated by the corresponding
letters on the illustrations showing typical installations of furnaces
under boilers of various types. These illustrations are intended to
show especially the average and the minimum travel of the gases
from the fire to the first cooling surface in the boiler, the height of the
furnace, and the length of the coking arch. '

In the illustrations some makes of boilers appear more frequently
than others. This does not imply any preference for certain models.
Boilers of widely differing patterns have shown equal efficiency in
steaming trials, and it is coming to be a general belief that among the
types of boilers ordinarily used at power plants peculiarities of tube
arrangement count for less than proper furnace design. This report
of what has been done to effect smokeless combustion emphasizes the
importance of furnace design and management and makes no com-
parisons between boilers. The illustrations show details of furnace
construction and the importance of certain features.

For convenience of treatment the following order is adopted in
discussing the equlpment of the various plants:

Mechanical stoker plants. - | Hand-fired plants.
(¢) Overfeed stokers. (a) Furnaces under water-tube boilers.
1. Chain grates. (b) Furnaces under return tubular
2. Front feed. boilers. '
3. Side feed. ° - 1. Down-draft furnaces.
(b) Underfeed stokers. * 2. Furnaces using steam jets.
3. Furnaces with miscellaneous
equipment. '

PLANTS WITH MECHANICAL STOKERS.

The use of mechanical devices for firing coal reduces labor in the
boiler ropm, but the main object of mechanical stoking is to feed a
steady, regulated supply of coal and air to the furnace. The ad-
vantages of feeding a fire steadily were seen in the early days of
steam engineering, but defects in design or faulty installation and
management kept mechanical stokers from coming into general use.
Within the last decade, Rowever, their use has greatly increased.
They are of two general types—overfeed and underfeed.

OVERFEED STOKERS.
CHAIN GRATES.

GENERAL DISCUSSION.

The earliest mechanical stoker was of the treadmill type, so called
because the arrangement of the grate bars as a traveling belt resembled
the apron of a treadmill. It was patented in England as far back as
1841. Improved in details of construction, this.type, under the
name chain grate, has come into extensive use in this country. The
coal is fed from a hopper, which extends the entire width of the grate
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and has a plate at the back for regulatiﬁg the depth' of the bed of
coal, to a continuously revolving grate, the top of which is made to
move from front to rear by power applied to the front or rear sprocket

shaft. As usually installed, the surface of the grate is horizontal, but’

occasionally chain grates are given a slight incline. Back of the
“hopper and extending over the whole width of the grate is a fire-brick
arch. The length of this arch differs in plants equipped by different
makers, but the present tendency is to lengthen the arch and to pro-
portion its length and slope to the grade of coal to be used.

In operation, coal from the hopper begins to ignite as it passes
under the arch and the grates carry the burning coal toward the bridge
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Fi1GurE 1.—Chain-grate stoker and Babcock & Wilcox boiler with uptake in rear.

wall at a rate which permits complete combustion before the chain
passes the rear sprocket and the refuse falls into the ash pit below.
The majority of the stokers of this type are particularly adapted to
a free-burning coal high. in volatile matter, such as is mined in the
central and western fields, and give less satisfaction with the higher
fixed carbon coking coals of the Appalachian field. As they can burn
the poorest grades of noncoking coal with complete combustion,
they offer a valuable means of producing cheap power. At all the
plants visited where these stokers were in use small coal was burned.
* As has been said, the chief difference at present among chain grates
as put in by the various makers is in the length of the fire-brick arch.
In many water-tube boilers this arch is made short, and the gases
~ of combustion. are led to the tubes by the shortest path. A furnace
and boiler with stoker thus set are shown in figure 1. In this setting



14 SMOKELESS COMBUSTION OF COAL.

the distance of travel for the gases from the grates to the tube heating
surface, indicated by the line B, is reduced to a minimum and the
average distance from the fire to the first cooling surface encountered
(4) approaches a minimum.

This type of installation is common in the Middle West, where a
higher proportion of chain grates is in use than in any other section’
of the United States, but the short arch and the brief travel of the
gases to the first tube heating surface are featules unfavorable to
smokeless combustion.

A water-tube boiler of another make with furnace fed by chain
grates is shown in figure 2.
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FIiGURE 2.—Chain-grate stoker and Stirling boiler.-

A method of setting designed to lengthen the travel of the com-
bustible gases from the bed of coal and allow them to mix and be
completely burned before entering the boiler is shown by figure 3.
Here the type of boiler illustrated by figure 1 is baffled so that the
uptake is-in front; the fire-brick arch over the grates is. no longer
than in the other furnace, but it is supplemented by the bottom
baffling made of C tile supported by the water tubes, so that the
least distance from grates to tube heating surface is three times as
long as in the mounting shown in figure 1. The bottom baffling,
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though it can not, on account of its construction, become as hot as
the ignition arch, has slight chilling effect, and there is ample oppor-
tunity for complete combustion before the gases reach the first cooling
surface.

Comparatively few chain-grate stokers were found under tubular
boilers. An example of the usual setting is given in figure 4. Here,
while the ignition arch is short and the shell of the boiler has a cooling
effect, the average distance from the grates to the beginning of the
tube heating surface is so long that smokeless combustion can be

E —>

FIGURE 3.—Chain-grate stoker and Babcock & Wilcox boiler with uptake in front.

obtained with ordinary care in operation. In the journey from the
grate to the rear of the boiler the cooling effect of the boiler shell,
though not negligible, is much less than it is often thought to be,
inasmuch as the area exposed is not more than that of eight or nine
tubes.

DETAILED DESCRIPTION OF PLANTS.

‘In the course of the field investigation 57 plants, ranging from 300
to 9,600 rated boiler horsepower, at which chain grates were installed
were visited. The detailed information collected regarding these
plants is presented in Table 5 (pp. 19-32), but some of the more
important facts to be gained from a study of that table are summa-
rized here.
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The coals used, -all small sizes, came from five different States and
the average depth of fire in burning them ranged from 4.5 to 6 inches.
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F1GURE 4.—Chain-grate stoker and return tubular boiler.
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The kind of coal and the depth of fire are given in Table 1, which
incidentally shows that the chain-grate stoker has been found to work
remarkably well with Illinois coals. :
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TasLE 1.—Kind of coal and depth of fire at plants with chain grates.

* . | Number | Average Number | Average
Kind of coal. of depth of Kind of coal. of depth of
plants.e fire. plants.a | fire.
. " Inches. Inches.
Illinois 21 5 || Ohio .. 6 5
Indiana.... 8 5 || Pennsylvania.... .. 6 4.5
Kentucky. . 8 4 || Miscellaneous. ... 10 6

& Two plants burned both Indiana and Iilinois coal.

Forty of these plants maintained uniform loads; the remainder
had to carry variable loads. At 18 per cent of the plants the stokers
were under boiler units of 200 horsepower or less and at 69 per cent
they were under units of 300 horsepower or less. The average boiler
horsepower developed, the boiler being rated on 10 square feet of
heating surface per horsepower, ranged from 23 to 158, the average
being 93. The ratio of square feet of heating surface to square feet
of grate surface varled from 33 to 1 to 88 to 1, the average ratio being
50 to 1.

The height of the ignition arch at the front of the furnace ranged
from 0.9 to 1.1 feet, and the height above the grate at the rear of the
arch from 1.3 to 2.2 feet. In 16 plants out of 46 the forward ends of
" the stokers were some distance in front of the boiler. The average
height of the ignition arches above the grates is given in Table 2.

TaBLe 2.—Average height of arch at front and rear at plants with chain grates.

At front of furnace. | At rear of furnace.

: Number Number
Type of boiler. Average | of plants { Average | of plants
height |at which| height |at which

of arch. | meas- | ofarch. | meas-

ured. ured.

Feet, Feet.

Aultman & Taylor. .. ..o i 1.1 6 1.7 6
Babcock & Wilcox... ... o 1.1 13 1.5 13
Heine................. 1.1 6 1.6 5
Stirking.................. - .9 16 1.5 14
Miscellaneous water-tube 1 3 1.3 3
Return tubular 1.1 5 2.2 6

The coal as received burned per square foot of grate per hour of
average heavy load ranged from 11.4 to 39 pounds, the average
being 23.3 pounds.

Table 3 presents in more 1mpresswc form some of the particulars
recapitulated above. It was compiled to show that with chain-grate
stokers installed under 10 types of boilers (five different makes of
water-tube boilers are included under ‘“Miscellaneous’”) which were
run.at about their full capacity, at no plant was there any serious
emission of smoke; combustion being practically smokeless. As

74897—Bull. 373—09——2 -



18

SMOKELESS COMBUSTION OF COAL.

bearing. on the proper length of travel of the burning gases for coals
from different States, the least and average distances from grates to
tube heating surface are given.

TaBLE 3.—Summary of various observations at plants with chain grates.

Coal | Percent-| Distance
burned | age of ~|from grates
per rated to tube
square | boiler heating
Num- | Fur- | footof | horse- | surface. | .
Type of boiler. Kind of coal. bher of | nace |gratesur-| power smoke,
. plants. | draft. | face per | devel- .
hour, oped,
average | average |Aver-{Mini-
heavy heavy | age. |mum
load. load.a
Inch of
. water. | Pounds. Feet. | Fect.| Per ct.
Aultman & "Taylor.| Illinois, Ohio, and 7 0.23 19.4 8| 52| 3.2 4.4
I - Pennsylvania.
Babcock & Wilcox.| Illinois, Kentucky, 12 -.21 24.0 88| 52| 33 2.7
Ohio, and Pennsyl- ’
vania. :
Heine............ ... Tllinois................ 7 .22 21.2 113} 84| 6.4 6.5
Stirling.............. Tllinois, Indiana, Ken- 18 .19 23.5 94| 7.0 4.9 5.4
tucky, and Ohio.
Miscellaneous water- | Indiana, Kentucky, 5 .20 26.2 104 | 83! 55 7.5
ube. and Pennsylvania.
Return tubular..... Illinois, Kentucky, 8 .15 24.9 108 1 19.0 | 14.7 2.8
- Pennsylvania, and
Indiana.

e Boiler rated on 10 square feet of heating surface per-horsepower. .

The draft measurements at the plants with chain grates are summa-
rized in Table 4.

TasLe 4. —Summary of draft measurements at plants with chain grates.

Number | Average

Type of boiler. Measurement taken at— g{ {’J%ﬂ}ﬁ (1?131“01'

taken. water).
Aultman & Taylor............ FUrNace - . ..ot it 5 0.23
Rearof hoiler......._........... ... 6 .46
........ 3 .71
Babcock & Wilcox............ 12 .21
' ‘11 .34
’ 5 .57
Heine........coocooiiianae Furnace.... 5 - .22
Rear of boile 2 .58
. Base of stack 4 77
Stirling.. ...l Furnace. ... 18 .19
Rear of hoile 17 .47
Base of stack..........oooiiiil 7 .96
Miscellaneous water-tube. .. .. Furnace..........oooeiiiiiiiiiis 6 .20
Rearof boiler............................ 4 .41
Base of stack.......cooiiiiiiiiiiiis 2 .60
Return tubular............ .. Furnace. . ...ooovveiiiineiiaiiai.s 8 .15
Front tubg sheet....................... .. 4 .43
Base of StaCK. .. ooviui i 3 .81

Average furnace draft, 54 plants, 0.19 inch of water; range, 0.07 to 0.45 inch. Aver-
age draft at rear of boiler, 40 plants, 0.43 inch of water; range, 0.11to 0.94 inch. Aver-
age draft at front tube sheet, 4 plants, 0.43 inch of water; range, 0.25 to 0.61 inch.
Average draft at base of stack, 24 plants, 0.77 inch of water; range, 0.26 to 1.30 inch.
These figures show approximate average drafts as follows: Furnace, 0.20 inch of water;
rear of boiler, 0.45 inch; base of stack, 0.80 inch. These results give a drop in draft
through the boiler of 0.25 inch of water and a drop from boiler to stack of 0.35 inch.
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PLANTS WITH MECHANICAL STOKERS. 33

SUMMARY.

The chain-grate stoker was found in plants carrying uniform loads"
and in plants where loads were extremely variable. With a uniform
load and a proper setting there should never be any smoke with this
equipment, but when a variable load is carried a faulty method of
operation may cause the emission of dense smoke. In a chain-
grate plant having a variable load, with the fire carried up to the
water back, a sudden release of load will require a reduction of
draft. Too often the damper is nearly closed, so that the coal on
the grate and the fresh coal fed to hold the fire are burned with a
imited air supply, causing the stack to smoke badly.

Plants equipped with the chain grate can be made to carry a very
variable load with good results by changing the thickness of the fire,
the speed of the grate, and the position of the damper to suit the load.
The draft should not be reduced below a certain value, which can be
determined for each plant by gradually closing the damper and
watching the stack. In a plant where the maximui variations of
load are nearly the same, it might be necessary to vary only the speed
of the grate and the position of the damper. The damper regulator
is often the cause of a smoky stack, because it is usually set to choke
off the entire draft, a condition which is never necessary.

Both the speed of a chain grate and the slope of the ignition arch
are important. Too often the grate is run so fast that volatile
matter is being driven from the coal as far back as the center of the
grate; usually in this case there is not only a loss from incomplete
combustion of the gases but also losses from unconsumed carbon
in the ash and from injury to the grate. Live coals in the ash pit
will not only warp a grate but gradually burnit up. The grate should
not be run so fast that it will be hot when reentering the furnace:
In one plant where a high draft was carried a sloping arch was removed
and an arch built parallel to the grate. With the sloping arch the
stack smoked, but with the flat arch it was entirely clean.

With chain-grate equipment a plant may run very inefficiently
if the fire is carried only on the front half of the grate, as sometimes
happens. When coal is burned in this way with a proper setting, it
is because the fireman finds it the easiest way to catry a variable load
and have a clean stack, demanding less of his attention in operation.

At some plants the boiler is forced by firing considerable coal
through the inspection door. Although the desired result is accom-
plished by this practice, the plant becomes the equivalent of a hand-
fired plant and the stack will invariably smoke badly.

74897—Bull. 373—09—-3



34 SMOKELESS COMBUSTION OF COAL.
FRONT-FEED STOKERS.
GENERAL DISCUSSION.

Inclined-grate stokers were patented years ago. As’a result of the
competition between different makers and the consequent improve-
ment in details of construction, the present types have been evolved.
They have been installed at many places and handle a great variety
of coals. All those in extensive use have grates with mechanically
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Fi1GURE 5.—Front-feed stoker and Babcock & Wilcox boiler, usual setting. 1, Air space; steam jets
enter furnace at this point.

operated grate bars. From the difference in position of the hopper
supplying the grates, these stokers are conveniently divided into two
classes—front feed and side feed.

In the front-feed type the hopper is in front of the boiler, extending
from side to side. Immediately back of it is sprung a coking arch,
usually short. A reciprocating pusher feeds the coal to a dead
plate beneath the front of the arch, where it begins to ignite. The
construction and movement of the grate bars, which cause the burning
coal to move down the grate, vary in different makes of this type.

These stokers can force a fire quickly and are often given severe
treatment, but tests have shown that with the average setting, in
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FIGURE 6.—Xront-feed stokerand Cahall boiler. 1, Air space; steam jets enter furnace at this point.
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which the grates are placed close to the heating surface, more than
average attention is required to keep down smoke; consequently
such stokers should be so set that when the fireman pushes: green
coal down the grate there is sufficient space for the combustion of the
gases before they strike the tube heating surface. Failure to provide
such space usually results in a smoky stack.

To intensify the combustion most stokers of this type are fre-
quently set with an air space at the front of the ignition arch, through
which steam jets enter the furnace. The accompanying illustrations
show some boilers having stokers set in this manner. Figure 5
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FIGURE 7.—Front—i§ed stoker and Heine boiler. X, Point at which air and steam jets enter; Y, C tile
on lower row of tubes, forming a tile-roof l.‘urnaccA
represents a Babcock & Wilcox boiler with stack at the rear and
baffled so that the gases from the burning coal travel but a short
distance before they strike the bottom water tubes.

Figure 6 shows a stoker of the same make as installed at & plant
having Cahall water-tube boilers. Here the fire-brick arch back of
the hopper covers a larger proportion of the length of the grate than
in the setting illustrated by figure 5, and as the boilers are vertical
the furnace is in a Dutch oven the arch of which covers the space
between the ignition arch and the front tubes of the boiler. The
travel of the gases to the first heating surface is much lengthened in.
this setting and ample space is provided for combustion when forcing
the fire, :
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A Heine water-tube boiler, with uptake in the rear and a furnace
fired by a stoker of the front-feed type, are shown in figure 7. In
this installation the bottom baffling of tile on the water tubeslengthens
the course taken by the gases in reaching the first heating surface.
Ample space is provided for complete combustion when the boiler
is carrying heavy loads. '
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F1cURE 8.—Frount-feed stoker and Stirling boiler. 1, Air épace; steam jets enter furnace at this point.

Figure 8 shows the usual methods of placing a front overfeed
stoker beneath the arch that is part of the regular setting of the
Stirling boiler. Figure 9 represents a similar stoker, with longer
ignition arch, under a return tubular boiler.

DETAILED DESCRIPTION OF PLANTS.

Detailed information was collected at 32 plants, ranging in size
from 200 to 2,500 rated boiler horsepower, where front overfeed
stokers were used. This information is presented in condensed form
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in Table 9 (pp. 40-47), in which the same order of particulars is
followed as in Table 5. In Table 9 the grate area of the front over-
feed stokers includes the area of both the sloping grates and the
dump grates.

VIIIII//IIIIAPQLWII/[/

FiGURE 9.—Front-feed stoker and return tubular boiler. X, Point at which air and steam jets enter.

The different plants burned various sizes of coal, but at 11 plants
the stokers were handling run of mine. The depth of fire ranged
from 3.5 to 7 inches. The source of the coal and the depth of the fire
are summarized in the following table: :

TaBLE 6.—Kind of coal and depth of fire at plants with front overfeed stokers.

Average : Average
Kind of coal. g\ggggg dePth of Kind of coal. gg{gr'fg depth of
ire. fire.
Inches. Inches.
THinois. ... ... ... 10 4 Pennsylvania. ... .. ... .... 4 4.5
Indiana. ... .................. 3 4 Virginia.. ...l 1.
Kentucky.. 2 3.5 || West Virginia........ .. 2 5
Maryland. .. .................. 8 4 Miscellaneous. . .............. 1 7
Ohio. ... 1 5

At 40 per cent of the plants the stokers were under boiler units of
200 horsepower or less, and at 4 plants the stokers were in a Dutch
oven, this setting having been installed at two plants because the -
boilers were of a vertical water-tube type.. At 6 of the plants vis-
ited the boilers had a variable load and at2.6 a uniformload. The
least ratio of heating surface to grate surface that was determined was
28.4 to 1 and the highest 58.3 to 1, the average being 40 to 1. The
coal as received burned per square foot of grate surface per hour aver-
aged 15.6 pounds; the smallest consumption of coal per’ square foot
of grate surface per hour was 6.4 pounds, the largest 34.7 pounds.



PLANTS WITH MECHANICAL STOKERS. 39

The percentage of the rated boiler horsepower developed on mean
heavy load (the boiler being rated on 10 square feet of heating surface
per horsepower) averaged 84, the lowest and highest values being 55
and 111 per cent, respectively. The percentage of boiler horsepower
developed by different makes of boilers, the coal consumption, and
the least and average distances from the grate to the tube heating
surface have been summarized for ready reference in Table 7.

TaBLE 7.—Summary of various observations at plants with front overfeed stokers.

Coal | Percent- |  Distance
“burned | ageof |from grates

per rated to tube
square | boiler | heating sur
. Num- | Fur- | footof | horse- face. Biack
Type of boiler. Kind of coal. ber of [ nace [grate sur-| power smoke
plants. | draft. | face per | devel- .
’ hour, oped,
average | average | Aver-| Mini-
heavy heavy | age. |mum.
load. load.o
Inch of .
water. | Pounds. Feet.| Feet.| Per «t.
Babceock & Wilcox. . .| Illinois, Maryland, 9 0.31 16.8 871 6.3| 5.8 7.5
Virginia and West
Virginia.
HMeine................ Illinois,  Kentucky, 4 .22 12.4 81] 50| 5.0 14.1
and West Virginia.
Stirling.............. Ilinois, Indiana, 5 .24 14.5 8| 7.1| 7.1 5.6
Maryland, and
Pennsylvania.
Miscellaneous watcr- | Indiana, Kentucky, 7 .32 19.7 91| 7.2¢( 5.7 7.7
tube. Maryland, and
Pennsylvania.
Return tubular_..... Tllinois, Maryland, 7 .21 13.2 78 1 17.6 | 15.6 5.2
and Ohio.

a Boiler rated on 10 square fect of heating surface per horsepower.

The average drafts, as determined at the furnace {ront, at the
rear of the boiler, and at the base of the stack, are given in the fol-
lowing table:

TasLe 8.—Summary of draft measurements at plants with front overfeed stukers.

Nl.llmlgcr gf Ager?ge
1 ’ . plants al raft

Type of boiler. ‘ Measurenment taken at— I which (inch of
taken. water).

Babcock & Wilcox............ s Furnace............oooooiiiiLL 8 0.31

Rear of boiler. . e 5 .36

Bascofstack...... .ol 6 .87

Heine.. ... ... ...l Furnace...... ...l 3 .22

Rear of boiler. . e 4 .48

Base of stack .. 3 .76

Stirling... ...l Furnace. .. - 5 .24

Rear of boi ! 4 .52

Base of stack 4 .69

Return tubular.......................... Furnace. .. .. 2l 7 .21

Front tube sheet. .. 4 .54

Base of stack. .~...................... 3 .66

MisceHaneous types..................o... Furnace..........oocoiiiiiiiiiiaan.n 6 .32

Rearofboiler......................... 4 .43

Base of stack......... [ 4 .76

Range of furnace draft, 29 plants, 0.09 to 0.62 inch; average, 0.26 inch. Range of
draft at rear of boiler, water tube, 17 plants, 0.25 to 0.74 inch; average, 0.44 inch.
Range of draft at base of stack, 20 plants, 0.38 to 1.30 inches; average, 0.76 inch. Aver-
age drop of draft from furnace to rear of boiler in water-tube boilers, 0.16 inch. Aver-
age drop from furnace to front tube sheet in return tubular boilers, 0.33 inch.
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48 SMOKELESS COMBUSTION OF COAL.

SUMMARY.

A review of the remarks in the preceding table shows that with
the front overfeed type of mechanical stoker, success in smoke abate-
ment has been attained by one of three methods—the continuous use
of steam jets, a generous admission of air, or careful operation.

SIDE-FEED STOKERS. °

GENERAL DISCUSSION.

Like the front feed, the side-feed stoker has been in use for many
years, the first American patent for this type having been taken out
in 1878. Several firms now make such stokers, which differ chiefly
in the manner of feeding coal and getting rid of clinkers and ash. In
all the coal is fed from two magazines, one at each side of the boiler.
At the bottom of each magazine is a flat built-up iron and steel plate
called the coking plate; beneath this is an air duct and on it rests
the coal-feeding mechanism. Over this feeding device is a heavy
casting, the arch plate, on which rests a fire-brick arch extending
over the whole grate area and having along the upper side an air duct
connected with the fire space by small openings in the skew-backs
supporting the arch. These openings are designed to admit hot air
above the coal at a point where the volatile hydrocarbons are given
off. The movable grate bars and a clinker-breaking ‘device at the
bottom of the V-shaped space between the grates are actuated by a
small engine that forms part of the equipment.

Stokers of the side overfeed type are characterized by large coking
space per foot of grate area and an ample combustion chamber.
They have been installed ‘at both large and small plants, and are
successfully carrying both uniform and variable loads. In the field
investigation here reported no other type of stoker was found doing
as well under so great a variety of conditions. Its chief defect seems
to lie in the devices for getting rid of the ash. Though supposedly
automatic, they often.require the service of a fireman. This intro-
duces an element of varying value in the operation of the plant.

The two makes of this stoker that are most used formerly differed
in arch construction, one having only side arches over the coking
plates. As now installed, the arch in both makes extends over the
grate area and the two styles differ merely in the devices for dis-
tributing coal to the grate and for getting rid of refuse. One employs
for coal distribution a shaft rotating through a small arc to move
stoker boxes on the coking plates; as the boxes work forward, they
push coal toward the edge of the plates. Between the lower ends of
" the grates and supported by a bearing shaft is a hollow iron bar with
projections on its surface; this bar, when rotated, grinds up the
clinker. The other make feeds the coal by a screw and has heavy iron
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disks actuated by a reciprocating bar for crushing clinker. Both
these stokers are frequently set in Dutch ovens.

-

e

"I9]I0Q XOO[I A\ P }O00qEE Pu® USAO YN Ul 19Y0S Pedj-apIS—(T TUNOLT

Figure 10 shows the stoker first mentioned in a Dutch oven having
a chamber above the arch for heating the air admitted over the coal,
74897—Bull. 373—09——4
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F1GURE 11.—Side-feed stoker in Dutch oven aﬁd Cahall boiler.
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as set at a battery of Babcock & Wilcox boilers. This setting, with
its ample combustion chamber and fairly long travel from the grates

2
=
7]
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FIGurE 12.—Side-feed stoker and Heine boiler. 1, C tile on lower Tow of tubes, forming a tile-roof furnace
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FIGURE 13.~Side-feed stoker in Dutch oven and Stirling boiler.

to the tube heating surface, allows nearly perfect combustion of the
hydrocarbons from the bed of coal.
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The other make of stoker as installed under a Cahall boiler is shown
in figure 11.  As the boiler is vertical, the stoker is placed in a Dutch
oven. In this setting also, the combustion chamber is large enough
to permit thorough mixing of the gases from the burning coal and a

" moderately long travel from the grates to the first row of water tubes.

A side-feed stoker set in a Dutch oven under a Heine boiler is
shown in figure 12.- The ignition arch extends over the grates, and by
baflling the bottom row of tubes the space between the back of the

Bo7==7 Lt

FIGURE 14.—Side-feed stoker and Stirling boiler. 1, Continuous screw for distributirg coal.

arch and the rear end of the baffling becomes a tile-roofed furnace.
The gases are given a long journey from fire to heating surface, and
the construction insures a smokeless fire under heavy loads and forced
feed. .

The chief difference in the two patterns of side-feed stokers under -
discussion are shown in the accompanying illustration of these stokers
under Stirling boilers. Figure 13 shows the stoker first mentioned
set in a Dutch oven. The feeding device is not shown, but the
rotating clinker baris. In figure 14 the screw for feeding coal and the
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FIGURE 15.—Side-feed stoker and return tubular boiler, elevation.
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device for crushing clinker, the special features of the other make of
stoker, are evident. One stoker is set in a. Dutch oven: the other is
placed beneath the arch that is a characteristic feature of the Stirling
boiler. Both in-
* stallations exhibit
‘a meritorious fea-
- tureof theside-feed
stoker—the large
combustion space
Br ] over the grates.
The fact that a
large number of the
plants visited have
a side-feed stoker
under a return tu-
bular boiler indi-
5 cates that this type
= has given satisfac-
> A AR tion whenused with
I N R I tubular boilers.
: ‘ Details of a sample
installation, show-
ing the particular
features of the side-
feed type that have
been mentioned in
this discussion, are
presented in figures
15 and 16, which
represent sections
727777 —rr, through the stoker
FIGURE 16.—Side-feed stoker and return tubular boiler, cross section. and boiler. Figure
1, Coal magazines; 2, hot-air duets; 3, air-admission openings under cok- 15 ShOWS the hlgh
ing plates. archover the grates

‘and the long distance from grates to tube heating surface. The situa-

tion of the coal magazines, of the hot-air ducts above the arch, and
of the air passages under the coking plates, as well as the ample size
of the combustion chamber, are made plain by figure 16.

DETAILED DESCRIPTION OF PLANTS.

In all, 76 plants with side-feed stokers were visited; at 44 the
stokers were installed under return tubular boilers, at 30 under water-
tube boilers, and at 2 under boilers of both types. The plants ranged
in size from 50 to 6,750 horsepower. The coal used came from Illi-
nois, Indiana, Kentucky, Ohio, Pennsylvania, and West Virginia,
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and ranged from slack to run of mine. Eleven plants were burning
slack. The other 65 used small nut or nut and slack.

Plants with water-tube boilers.—At the 30 plants where stokers of
this type were installed under water-tube boilers alone the kind of
coal used and the depth of fire were as follows:

TaBLE 10.—Kind of coal and depth of fire at plants with side overfeed stokers under water-
tube boulers. : i

Number | Average Number | Average
Kind of coal. ol depth of Kind of coal. of chth of
plants.e fire. plants.e ive.
Inches. Inches.
Iinois. . .oveeieei it 6 5 || Pennsylvania................. 7
Indiana..... 1 6 || West Virginia. - 4 5
Kentucky. . . 1 7 | Miscellaneous 5 6
Ohio....cooiiiiiii 7 5

a One plant used hoth Ohio and Pennsylvania coal,

At 35 per cent of the plants with side-feed stokers under water-tube
boilers the boiler units were 200 horsepower or less. The coal as
received burned per square foot of grate per hour ranged from 10 to
41 pounds. The percentage of the rated horsepower developed on
average heavy load (the boiler being rated on the basis of 10 square
feet of heating surface per horsepower) ranged from 37 to 189.
These and other details are summarized in the subjoined table.

TABLE 11.—Summary of various observations at plants with side overfeed stokers under
water-tube botlers.

, Coul fDlstfmc%
rom grate
bur(r:\red Boiler | 't tiber | Dis-
Fur- | (ﬁlare horse- | heating Eunce
Num- | D2 | ‘oot of | BOWEr | surface. rom
Type of boiler. Kind of coal. ber of ((}ﬁgﬁ grate 00):;:(:]1- ;E?ﬂggé s]r:‘r{gli]é
plants. | V0 | surface | TBE to front '
wader). |Per hour, heavy of
“|average |09 o) Aver-| Mini-| Dboller
heavy ' age. (mum. '
load.
Pounds. Feet. | Feet.| Fect. |Per ct.
Babceock & Wilcox.| Illinois, Ohio, and 8 0.24 22.6 S9L | 85| 5.7((v)6.9 5.2
West Virginia.
Stirling. ........... Illinois, Ohio, 9 .36 23.1 8| 9.4| 6.5 4.1 2.8
Pennsylvania,
a{u@ West Vir-
ginia.
Miscellaneous | Illinois, Indiana, 15 .22 23.7 8l | 7.9 | 5.5 ((c)4.1 6.0
water tube, Kentucky, Ohio,
and Pennsyl-
vania.

a Boiler rated on 10 square feet of heating surface per horsepower.
b From 7 plants.
¢ From 13 plants.
The average ratio of heating surface to grate surface at these plants
was 59.1 to 1, the range being from 33 to 1 to 72 to 1. The grate

area of this type of stoker was taken to be equal to the distance
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between the coking plates multiplied by the distance from the front
of the furnace to the rear of the grates.

Natural draft, supplied by a chimney, was used at most of the
plants. The furnace draft varied from 0.10 to 0.35 inch of water,
but most of the readings were between 0.15 and 0.25 1nch The )
draft measurements are summarlzed below:

TABLE 12.—Summary of draft measurements at plants with side overfeed stockers under
water-tube botlers.

Number of | Average
Type of boiler. Measurement taken at— pl‘i);gitghat (igé?ftor
taken. water).
Babcock & Wilcox....................... Furnace....... : 7 0.24"
Rear of boiler. 7 .43
Base of stack. . . 2 .58
Stirling. ... Furnace............ ...l 8 .36
Rear of boiler 7 .47
Base of stack....... 5 .81
Miscellaneous water tube. .. ............. Furnace....... 12 .22
Rear of boiler. . . 7 .51
Base of stack.... 8 .67

Furnace draft, 27 plants, 0. 10 to 0. 53 inch water; average 0. 27 inch. Draft at rear
of boiler, 21 plants, 0.18 to 0. 90 inch; average, 0.47 inch. Draft at base of stack, 15
plants, 0. 18 to 1. 10 inches; average, 0. 71 inch. The approximate average drafts were
ags follows: Furnace, 0.25 inch; rear of boiler, 0.50 inch; base of stack, 0.75 inch.
These figures show a draft drop of 0, 25 inch of water through the furnace and of 0. 25
inch from boiler to stack.

Details of the observations at plants with side-feed stokers under
water-tube boilers are given in Table 13.
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64 SMOKELESS COMBUSTION OF COAL.

Plants with return tubular boilers.—Side overfeed stokers were in-
stalled under return tubular boilers.at 48 plants, with rated boiler
capacity varying from 50 to 180 horsepower. At two of these
plants the stokers were set in a Dutch oven. The kinds of coal
burned and the thickness of fire were as follows:

TaBLE 14.—Kind of coal and depth of fire at plants, with side overfeed stokers under
return tubular boilers. -

' Average || . : - Average
: Number - . Number
Kind of coal. of plants. degrt(}; of Kind of coal. of plants. de; ):él of
Inches. . Inches.
THinois. ...t 7 5 || Pennsylvania..........._.... 11 5
Indiana........... ... ..o 3 4 [} West Virginia................ 8 6
Kentueky.......oooooiiiiiill 5 4 || Miscellaneous. ............... 8 5
hio. . ool 6 5

Other details given in Table 15 regarding the setting and operation
of side-feed stokers at these plants may be briefly summarized thus:

Draft through fire, 0.17 inch; coal as received burned per square feet of grate surface
per hour, average heavy load, 20.6 pounds; percentage of rated boiler horsepower
developed, average heavy load (boiler rated on 10 square feet of heating surface per
Jhorsepower), 90; average distance from grates to tube heating surface, 14.5 feet; aver-
age vertical distance from clinker grinder to coking arch, 3.75 feet; per cent of black
smoke, 5.6. Approximate draft averages gave a furnace draft of 0.15 inch and a drop
through the boiler of 0.25 inch. The drop from the boiler to the stack averaged 0.20
inch.

Details of the observations at plants with side-feed stokers under
return tubular boilers are given in Table 15
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PLANTS WITH MECHANICAL STOKERS. M

SUMMARY.

The importance of installing the side-feed stoker with an arch
over the entire grate can not be too strongly urged. At nearly every
plant observed where this stoker had been installed with a short
ignition arch only, trouble was experienced in keeping down smoke.

Some of the stacks having this stoker under them smoked badly
because the fireman took ‘Ldvmntzwe of the opening mto the furnace
and fired a part of the coal by hand '

There was some trouble in maintaining a. uniform feed of coal at a
few: of the plants visited. This scemcd to happen when very fine
coal was supplied. ‘With this stoker as ordinarily set, a banked fire
can be maintained and the boiler thrown into service with only a
small amount of smoke. The stoker has the valuable feature of a
large coking plate area.

UNDERFEED STOKERS.
GENERAL DISCUSSION.

Stokers of the underfeed type differ radically from those described
in the preceding pages. The fresh coal is forced into a horizontal
retort, beneath that which has already ignited, and burns in a long
heap that forms in the middle of the furnace. The unburned refuse
is largely fused to a clinker, which slides down the sides of the heap
and is hooked out by hand through the front of the furnace. The
method of burning compels the use of mechanical draft, a fan being
employed to force air through openings in tuyére blocks along the
sides of the retort, at the level where the volatilehydrocarbons from the
heap of burning coal are given off. Two malkes of this stoker that have
been put to the test of use under average power-plant conditions
differ chiefly in the feeding mechanism and the device for handling
the partly burned coal after it leaves the retort. In one pattern the
coal is forced in continuously by a cone-shaped screw driven by a
small steam engine, and the partly burned coal falls on a flat grate
through which air is drawn by a chimney. In the other pattern the
coal is pushed beneath the burning heap in large charges, and the
partly burned coal that rolls down the sides of the heap falls on a dead
plate, where combustion is completed by the excess air that enters
through tuyére openings. This method of burning coal has proved
to be the better, and the plan of using air from the tuyéres for com-
plete combustion has been generally adopted as correct. The newer
models of inderfeed stokers are always installed with automatic con-
trol for coal and air.

In all underfeed stokers the air and the distilled gases are intimately
mixed and intensely heated by rising through the incandescent coal,
so that combustion is complete within a very short distance from the



78 SMOKELESS COMBUSTION OF COAL.

>

77z22222222 8=, ///////////////////////////////////////////////////////, . R0 I

=)

)\

i

I
NN

AN

/
/
i

I

7

il

}}F“k\\v\\\,\\.\n?gjllﬂ;\ 7 DusSsssSSS \\\\\\\\\\\\\&%\\-\\\\\\\\\\\ s
5 S i : 2
ey Vit

AR ! v .

FIGURrE 17.—Underfeed stoker and Babcock & Wilcox boiler.

F1gURE 18.—Underfeed stoker 511(1 Heine boiler. 1, C tile on lower row of tubes, forming a tile-roof furnace.
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retort. IHence the combustion space required over the fuel bed is
less than with any other type. By reason of its compactness and the
small combustion space it demands, the underfeed stoker sometimes
gives good results when installed in the 36-inch corrugated flue of an
internally fired boiler.

The customary method of placing this stoker under a Babcock &
Wilcox boiler with uptake in the rear is shown by figure 17. In the
setting of the Heine boiler (fig. 18) the C tile on the lower stow of
water tubes make a tile roof for the furnace. This increases the travel
of the gases from the fire and permits complete combustion of the

o
h

i
S

) @

&

NN\

NP F I =S I
F16URE 19.—Underfeed stoker and Stirling boiler.

carbon before the gases are chilled by contact with the tubes. In the
regular setting of the Stirling boiler (fig. 19) the stoker is placed under
the fire-brick arch. The construction of one of the makes of under-
feed stokers is shown by figure 20, an elevation of a stoker under a
return tubular boiler; figure 21, a cross section through boiler and
stoker; figure 22, a plan of the stoker.

Attention has been called to the compactness’ of the underfeed
stoker and the small amount of space required above the grate. An
illustration showing such a stoker set in the corrugated flue of a
Scotch boiler is given in figure 23.
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Having the advantage of positive draft, the underfeed stoker allows
a plant to be run without regard to weather conditions that may make
the attainment of high draft by a stack impossible. The effects of
weather changes on furnace draft are considerable and are very notice- _
able at plants which require all the available draft to carry their loads.
Another valuable feature of this stoker is the ease and economy with
which a variable load may be carried. Thé change from heavy to
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FIGURE Zi ~—Underfeed stoker and return tubular boiler, cross section. 1, Dead plates; 2, retort; 3, tuydre
blocks; 4, air chamber; 5, space through which air passes before entering retort.
light coal charges or vice versa can be made without loss, because
when the fuel supply is altered the air supply is at once regulated to
the amount of coal being burned.
It sometimes happens that, to meet the competition of other types,
"a single underfeed stoker is installed under a boiler unit as large as
200 horsepower. It is easy to show that such overloading of a stoker
is not good business economy, particularly in localities where poor
coal is supplied. On the assumption of an average ratio of heating
74897—Bull. 373—09—6 '
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surface to grate surface of 50 to 1, a 200-horsepower boiler should
have 40 square feet of grate. Now while it is possible to burn, say
30 pounds of average coal per square foot of grate surface per hour,
or 1,200 pounds of coal per hour for a 200-horsepower boiler, it is not
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FIGURE 22.—Plan of underfeed stoker.

considered good practice to try to burn over 700 to 800 pounds of
coal per stoker per hour with an underfeed stoker, as heavier feeding
gives questionable results.” The consequence of trying to feed 1,200
pounds of dirty coal per hour with one stoker of this type is evident,
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FIGURE 23.—Underfeed stoker and Scotch marine boiler.

z, Pipe through which air

is admitted under retort; y, air-admission openings in tuyére blocks.
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It is the general opinion that it is harder to keep down smoke at
the small hand-fired return tubular boiler plant than anywhere else,
but the underfeed stoker has replaced many hand-fired furnaces at
such plants. The only variable element in the operation of this stoker,
once it is correctly installed, is the cleaning of fires, hut if the fireman
is careful to burn down the fires before breaking them up there will
be no necessity of making smoke.

DETAILED DESCRIPTION OF PLANTS.

The underfeed type of stoker was found at 48 different plants in
eight different States, the size of the plants ranging from 75 to 3,500
rated boiler horsepower. These plants burned coal from Illinois,
Indiana, Kentucky, Ohio, Pennsylvania, and West Virginia, the cost
of which ranged from $1.03 to $2.75 per ton, the conditions at the
different plants varying widely. The size of the boiler units ranged
from 50 to 500 horsepower; at 33 plants the units were 200 horse-
‘power or less, and with two exceptions one stoker per boiler was
installed at these plants. All but five of the plants had automatic
regulators for coal or air. But two of these stokers were set in a
Dutch oven; this setting was used because the boilers were of the
vertical type.

Plants with water-tube boilers.—Underfeed stokers were found under .
water-tube boilers at 22 plants, at 4 of which the fuel was run-of-mine
coal. At 13 plants the load carried was uniform, and at 9 it was
variable. The thickness of fire ranged from 8 to 18 inches. The
kind of coal burned is stated in the following summary:

Kind of coal burned at plants with underfeed stokers under water-tube botlers.

Number of
plants.
L D5 Yo T .. 5B
6 4T 5T« T 1
Kentucky . . ..o 1
Ohio. o ee e e 7
~ Pennsylvania... ... ... ...l e 8
West Virginia. .. ..o oo i 1

Some averages of the observations at these plants are given below:

Difference of draft between ash pit and furnace, 3 inches of water.

Coal as received burned per stoker per hour, average heavy load, 560 pounds;
extremes, 330 and 1,060 pounds. .

Percentage of rated boiler horsepower developed average heavy load (boiler rated on
10 square feet of heating surface per horsepower), 92; extremes, 58 and 146.

Average distance from grafe to heating surface (dead plates to shell), 4.9 feet;
extremes, 3 and 7.5 feet.

@ One plant burned both Ohie and Pennsylvania coal.
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Least distance from grate to heating surface (dead plates to shell), 3.8 feet; extremes,
2 and 5.3 feet.

Smoke, black, 2.4 per cent.

Average draft conditions: Pressure in ash pit, 17 plants, 2.45 inches of water; range,
1 to 4 inches. Draft in furnace, 19 plants, 0.33 inch; range, 0.01 to 1 inch. Draft in
rear of boiler, 13 plants, 0.48 inch; range, 0.17 to 1.07 inches. Draft at base of stack,
11 plants, 0.80 inch; range, 0.24 to 1.50 inches. The approximate pressure and drafts
deduced from these readings are as follows: Pressure in ash pit, 2.50 inches-of water;
draft in furnace, 0.35 inch; draft at rear of boiler, 0.50 inch; draft at base of stack,
0.80 inch. This gives a drop of about 3 inches through the fuel bed, of about 0.15 inch
through the boiler, and of 0.30 inch from the boiler to the stack.

.

Details of the observations at plants with underfeed stokers under
water-tube boilers are given in Table 16.
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P *199) a1snbg ¢ I9)aWeI(] D
£°8C 90 LA | N A <9 281
9 OIS 9](BISPISU0D BPeW 1Nq ‘InoY 1ad I18Y03S .
1ad 180D Jo spunod (00‘T pewIng SBY JuB[d "SUOIIBAISSQO JO qred SUUNp 81y pauss|) | 902 go se 4 981
*yse 9us0 13d (T PUB "N * "g 009°CT INOQB SUT PBATSDDI S8 [80D | 90 g€n 0T 3 e8L
‘paAoural 9fYeq ISI1Y JO Jivy do Yita Ajedilraa payyeq Jenog | 961 ¢o 521 1 ¥8I1
‘{9108d®O polel IN0Qe j8 Juuung
UAYM SNSAI S8q J9Y) "SILBI0Q JO IBAI UO $1S3I Jovl§ YsSe Jued 1ad § Jnoqe suni [8o) | 9¢ gl |24 0z1 0 €31
"yse Jusd Jod pT 03 0T PUB "N “} “g 00LGT $10Q8 SUNLI PBAISDSI SB [B0) | €°Sg 9o [ 0 781
96T ¢o 00% T- 181
‘sSurpea yoeyq Juad Jod Oz puB 0T SUIOS SPNIOUI SUOIIBAISQO | €83 90 [ 1 08T
*S9INUIUI 9813 10 03 AI949 )NUILL B J{BY JN0QR 10] {oB[Q Jus0 J3od Qp 01 QT SoqOouwIs
yoers -Suryoeealq urew urof senpg ojeiedas ano g sessed anoy ‘A{[eor3a9a papjeq sI9jlog 9¢ 9X 9} 0S1 ] 621
*STiedonIea pagyeq Iejlog €°8g 9o 291 T 8L1
€9 ¢TXGZ | 008 4 LLY
‘o 911 8°€n 08 0 9L1
*$811y Julues[d USYM )NUTUE BUO JNO0QE I0J YIe[q 1usd 1od (g IN0QE SOYOuwS NOBIS 91 ¥X ¥ 08 z et
*13[10q JO 1®al U0 Y0BlS 98 9X 9’| 031 0 LD
<qued 1ad ¢-g ‘@rnysiour fqued 1ad gI ‘YSe 0 "} g (08 ‘ZI JNOQB SUILI Paly se [80) | 961 Co ¢91 4 LT
. a1y 98 6% g9 €21 T oLl
Surues[o oYM A[[BNSN PUB JoMm SI [BOO USYA 9YOWIS dUIOS  *1y Suruwa[d o[Iym usye)
UOIIBAISS(O U(Q ‘P3J SI [B0D 9UIl} £I19A9 SPUODAS Ajuam) jnoqe Joj pedonpold axouws
Horiq Jued 1ad g 03 0z £3IIp 993 03 urSaq S8y s uoos se ‘paso[d Aped Jedwrep WA | I°TI egxegg|eg 1 L1
9631 yo 18 1 0Lt
‘yse quao 1ad 21 09 11 ‘@Injstour Jusd 1ad g1 01 .
01 SUBIUOD PIAISIAI SB [B0D ({800 A1p Jo punod Jad 'n '3 " 000‘CI 03 000‘TT WIOI] SalBA 20D | ¢ 0g |80 0ge 4 691
. "19]10Q] JO JBD1 UO OBd ‘SYOBIS OMT, | €8T 90 08 0 891
€28 y90 8¢T 0 91
*I9(100] JO JBaX UO I8 ‘SYO®R)S U9ARS [ 6°CT g'bo o8 0 g1
e e
pu E 1Y
‘@99] | -(399)) | -(398) | saeqI0q Bhad A u *(Jo9)) | jseleeu
erenbs) | ez | juSiew | weemgaq | 7 ez1g | o1 3omss |
‘SY{IBWAY BAIY SM0q9 Jo UoMM 3% S9%ld woIj WJME
i IaquIn N . ysuey 300N
q0B}S ‘Juryosarg

“PINUIUO))—S4IJI0q 2GNI-LIIVAL LIPUTL SL3Y0)S Paafapun ypum s3uvyd 70 w:o.sggvmao Jo spopp@—'91 a1avy,



o

92 SMOKELESS COMBUSTION OF COAL.

Plants with return tubular boilers.—Underfeed stokers were installed
under return tubular boilers at 26 plants. The fires carried ranged
in thickness from 12 to 18 inches. Four of the plants burned run-
of-mine coal. Seventeen carried a uniform load, and 9 a variable
load. The kinds of coal burned were as follows:

Kind of coal burned at plants with underfeed stokers under return tubular boilers.

Number of

plants.a

B 0T 1) T 1
Indiana. .. 4
KentuCKy. ... oooee e o 1
ORI, e e 3
Pennsylvania.. ... ... 8
West Virginia........... .o il [ 4

. Miscellaneous............... e e PO 7

Various particulars regarding these plants are condensed in the
following statement:

Coal as received burned per stoker per hour, average heavy load, 513 pounds; range,
225 to 750 pounds.

Percentage of rated boiler horsepower developed, average heavy load (boiler rated on
10 square feet of heating surface per horsepower), 74; range, 57 to 135.

Average distance from grates to shell, 2.8 feet; range, 2 to-3.75 feet.

Smoke, black, 2.6 per cent.

Approximate average pressure in ash pit, 1.75 inches.

Approximate average draft in furnace, 0.20 inch; at front tube sheets, 0.30 inch; at
base of stack, 0.50 inch. This gives an average drop of 2 inches between the ash pit

and the furnace, 0.10 inch through the boiler, and 0.20 inch from the boiler to the . '

stack.

Details of the observations at plants with underfeed stokers under
return tubular boilers are given in Table 17.

e Two plants burned both Ohio and West Virginia coal.
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SUMMARY.

The underfeed stoker affords a means of increasing both the econ-
omy and capacity of plants which by gradual growth have added so
many boilers to a single stack that the draft capacity of the stack has
been exceeded, and natural draft does not supply the necessary amount
of air to permit the required amount of coal to be burned with high
efficiency.

A very much smaller stack will suffice with the underfeed stoker
than with some other devices, as it is only necessary to have enough
stack draft to carry away the gases of combustion, all the air neces-
sary for burning the coal being forced through the fire.

It will be seen that this stoker is meeting with most success in dis-
tricts where low-ash coal is used.

The notes show that the greatest difficulty in keeping down smoke
came when cleaning fires, but in general at the plants visited there was
little trouble on this account.

In this stoker the ash accumulates at either side of the retort.
" The furnace temperature is so high that most of the ash fuses and
is pulled out of the furnace in large pieces. Both for this reason
and to permit complete combustion of the fuel it is advisable to have
the dead plate on which the clinkers accumulate of sufficient width
to permit cleaning fires without breaking up the fuel bed.

SMOKE PREVENTION AT BOILER PLANTS WITH GREAT VARIATIONS OF
LOAD.

The data already presented show that bitumnious coals high in
volatile matter can be burned without smoke. Smokeless combus-
tion at large plants carrying loads that fluctuate widely, where boilers
over banked fires must be put in service quickly and fires forced -to
the capacity of the units, is no less possible. The accompanying load
diagram (fig. 24) shows the variations in boiler horsepower in service
and in power output at a plant of about 10,000 horsepower. The
sudden increase in output and in boilers in service between 5.30 and
8.30 a. m. and the heavy peak load in the early evening are strikingly
brought out: Yet the stacks at this plant, though frequently watched
at the time of peak load, were quite clean. No better demonstration
than this of what can be done by proper equipment, efficient labor,
and intelligent supervision could be given.

HAND-FIRED FURNACES.

GENERAL STATEMENT.

None of the problems of combustion have received more experi-
mental treatment than the burning of coal in hand-fired furnaces.
Hundreds of devices for smokeless combustion have been patented,
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but almost without exception they have proved failures. This record
may be explained by the fact that many of the patentees have been
unfamiliar with all the difficulties to be overcome, or have begun at
the wrong end. Numerous patents cover such processes as causing
the waste gases to reenter the furnace, and schemes for collecting
and burning the soot are legion. So many manufacturers who have
been looking for some cheap addition to a poorly constructed furnace
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FiGURE 24.—Load and bhoiler-service chart of large power plant with mechanical stokers. The total
rated hoiler horsepower used to supply the demand for power varied from about 2,000 to 12,000.  This
plant is absolutely smokeless.

to make it smokeless have experienced inevitable failure that the
work of educating the public to rid cities of the smoke nuisance has
been hard, long, and only partly successful.

The total number of steam plants having boilers fired by hand is
far greater than the total of plants with mechanical stokers, but if
the comparison is based on total horsepower developed the figures
show less differerice. Particularly is this true in sections of the Middle
West, where mechanical stokers are generally used at large plants.
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As a general rule hand-fired plants do not have proper furnaces, and
methods of operation are far from conducive to good combustion.
Coal is usually. fired in large quantities, and little opportunity is given
for the air and gases to mix before the heating surface is reached and
combustion is arrested. In all the hand-fired plants visited success
in smoke prevention has been obtained chiefly by careful firing. The
coal was thrown on often in small quantities; the fire was kept clean,
enough ash to prevent the passage of air through the fire never being
allowed to collect on the grate; and more air was supplied at firing
than after the volatile matter had been distilled. Iven with such
precautions the plants might have made objectionable smoke at times
but for the fact that usually some method was employed for mixing
the gases and air before they reached the heating surface.

COKING ¥FURNACE.

. One pattern of furnace that requires less attention from the fireman
and less care in operating than the usual hand-fired types was found
at several plants. This is known as the coking furnace, which in its
earliest form was the invention of James Watt. With this furnace
large charges of coal may be fired at one time. The coal is shoveled
or fed from magazines to a dead plate at the mouth of the furnace,
where the volatile compounds distill, and the coal is later pushed
back. Unfortunately, in the model of this furnace generally used
* the magazines are open after the coal on the dead plate has burned
down, so that the coal is consumed with a large excess of air.

STEAM JETS.

A clean stack with hand firing is not as good evidence of efficient
operation as it is with almost any type of mechanical stoker, because
of the special devices used with hand-fired boilers to prevent smoke.
Steam jets are the most common of such devices. Usually they are
not automatic, and at many plants they are allowed to run longer
than is necessary or else are not used at all. Any steam jet that
will so mix the gases and air at the times of greatest need, when coal
is fired, as to prevent smoke will, if allowed to run continuously,
probably waste more of the energy in the coal than it will save. At
the same time a steam and air admission device allows a regulation
which, if properly made, will keep a stack clean and save coal.

The steam jet is found in an improperly designed furnace or in one
where the air supply is too small. It is an expensive device, all
conditions being considered. The only purpose it can serve is to mix
the air and gases.intimately and prevent the combustible gases from
coming too quickly into contact with the heating surface. The
claims sometimes made that the use of a steam jet will increase the
thermal value of the fuel are erroneous.
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It takes the same amount of heat to dissociate a pound of steam
into hydrogen and oxygen as is given off when a pound of steam is
formed by the union of hydrogen and oxygen. Moreover, the fact
must not be overlooked that to burn hydrogen in the average furnace
is extremely difficult, and therefore if some steam were dissociated by
a jet it is probable that part of the hydrogen would escape to the
stack unburned. The same quantity of oxygen that is formed by the
dissociation of a pound of steam would be required to burn enough
hydrogen to form another pound of steam, therefore there would be
no oxygen available from dissociation to burn the coal.

In a water-gas plant, sometimes cited by makers of steam-jet
attachments, the heat required to dissociate the steam is supplied by
the coke and is later utilized when the gas is burned.  The process is
as follows: Air is blown through the fuel bed until combustion is
fairly well started. The air is then shut off and steam is blown
through; this is dissociated, the fuel loses its heat and if the operation
continues too long the fire goes out; but after a certain léngth of time
the steam is turned off and air is passed through until the fuel bed is
in condition to give up more heat. Then steam is turned on again
and the process repeated. After several hours of operation several
thousand cubic feet of gas have been formed from the union of the
dissociated oxygen of the steam with the glowing carbon of the coke,
but there has been no gain in thermal units.

Another fact to be remembered in using steam jets is that all steam
entering the furnace must be heated to stack temperature, and the
heat required for this is supplied from the coal.

As most air is required in a furnace at the moment of firing fresh
coal, and the requirement diminishes as the volatile matter in the
coal is distilled, steam jets need close regulation for good economy.
To make this regulation independent of the fireman several devices
for automatically turning the steam on and off have been patented.
Figure 25 illustrates one of these devices at a furnace under a water-
tube boiler, and figure 26 gives a section through a return tubular
boiler with similar equipment. Opening the furnace door turns on the
steam, and a dash pot suitably connected shuts off the jets after a
short interval.

MIXING DEVICES.

There is no question as to the value of mixing the air and gases in

a hand-fired furnace, and if the mixing could be done by some
effective arrangement of fire-brick piers the losses resulting from the

- use of steam jets would be avoided, but to build arches and piers
that will stand the intense heat from intimate mixing and combustion
has proved a difficult matter. Moreover, the piers and arches take
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up room and diminishing the space in a furnace will usually réduce
the available furnace draft, so that less coal can be burned even
though there is more perfect combustion. The easiest and most
nearly perfect solution of the problem is a mechanical stoker properly
set under the boiler. :

DETAILED DESCRIPTION OF PLANTS.

During the field investigations 71 hand-fired plants run without the
emission of dense smoke were visited. The types of boilers installed
at these plants were as follows: Return tubular, 44; water-tube, 22;

Y

O

A

D= = -
FIGURE 25.—Automatic steam and air admission device and water-tube boiler. 1, Dash pot used to control
length of time steam jets are in operation; 2, air admission through furnace doors.

Scotch marine, 5. Tables 20 to 25 give all the essential data that
could be collected regarding these plants.

Plants with water-tube and Scotch marine boilers.—Hand-fired
furnaces operated under water-tube or Scotch marine boilers were
found at 27 plants. These furnaces were of the following patterns:
Plain, Dutch oven, Burke, Dorrance, down-draft, Puddington, and
twin arch. Brief descriptions of three of these, including the down-
draft pattern, are appended, and some of the others are described
in the discussion of hand-fired furnaces with return tubular boilers
(pp. 117-124).
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One of these furnaces is virtually a Dutch oven with a long,
rearward-sloping arch that entirely covers the grate and projects into
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the space back of the bridge wall. The grate also has a rearward
slope. The accompanying illustration (fig. 27). of one of these furnaces
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under a Babcock & Wilcox boiler shows how the travel of the burning
gases is lengthened.

The distinguishing feature of the down-draft furnace is an upper
grate, which may be formed of tubes through which water circulates,

FIGURE 27.— A hand-fired furnace and Babeock & Wilcox hoiler.
connected to headers and supported by lugs. The fresh coal is thrown

on this grate, whence, after partial burning, it falls to a grate of ordi-
nary construction a foot or more below, where combustion is com-

/ 2
FI1GURE 28.—Down-draft furnace and Heine boiler. 1, Water-tube grate; 2, C tile on lower row of tubes,
forming a’tile-roof furnace.
pleted by the excess of air drawn through the upper and lower
grates. The air and the distilled gases from the fresh coal are heated
and intimately mixed in passing through the fuel bed, facilitating
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combustion in the space between the grates. One of these furnaces

under a horizontally baffled Heine boiler is represented in figure 28.
The third furnace has back of the bridge a fire-brick wall with

two arched openings at its base separated by a projecting angle. The
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F1GukE 29.—A hand-fired furnace and Babcock & Wilcox hoiler, elevation. X-X7, Line of sectional plan,
figure 30.

long minimum distance from grate to first tube heating surface is

shown by figure 29. The plan of the furnace (fig. 30) and the cross

section (fig. 31) show the construction of the mixing wall.
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FIGURE 30.—A hand-fired furnace, plan along line X-X”, figure 29. y-y’, Line of cross section, figure 31.

These 27 plants ranged in size from 75 to 1,500 horsepower. Seven
were equipped with steam-jet devices. Ten had a variable load and
17 a uniform load. At 9 plants the coal supplied was either run-of-
mine, egg, or lump. The coal as fired burned per square foot of grate
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surface per hour varied from 10.8 to 40.4 pounds and averaged 23.9
pounds. The average ratio of heating surface to grate surface was
49.6 to 1, the lowest being 26 to 1 and the =
highest 73 to 1. Thirty-five per cent of
the furnaces were installed under boiler -
units of 150 horsepower or less and 50 per
cent under units of 200 horsepower or less.
Forty-four per cent of the plants had either
rocking or dumping grates. All plants ex-
cept one with induced and one with forced
draft ran on natural draft. Thirteen of the
plants were fired by the spreading method, 8
by the alternate method, and 3 by the cok-
ing method. The kind of coal used and
the average depth of fire are summarized in the following table:

—
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FIGURE 31.—A hand-fired furnace,
crosssection alongline y~y’, figure 30.
1, Openings in mixing structures.
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TaBLE 18.—Kind of coal and depth of fire at plants with hand-fired furnaces under water-
tube and Scotch marine boilers.

. Number | Average . - Number | Average
Kind of coal. of plants. de 1:,2 of Kind of coal. ofplants. deg:(l}x of
Inches. . Inches.
Tllinois. ...t 14 7 || Pennsylvania 1 1
Indiana. .. 2 8 || West Virginia .- 4 7
Maryland. 2 15 l Miscellaneous................. 3 8
Ohlo......ooiiiiiiiiiiit, 1 4}

Details regarding type of furnace, kind of coal, amount consumed,
draft, furnace setting, etc., are summarized below:

TABLE 19.—Summary of various observations at planis with hand-fired furnaces under
water-tube and Scotch marine boilers.

S |5 . 2|8,
3 g b ; Dlstancle = *é §
- 2 rom grates e
22 188a| o tabe- |52 | oE
283 o©g| heating |« 3 £
gP8|2 =8| surface. |55 S
Ag=i@ = © |28 | o8
Kinhd of furnace BQ e R =218
Type of boiler. | and number of Kind of coal. = |8 Bl % 8|83 .
plants.c ERCEE DS SE|RS! 8
° (Boo®Ee (T[98 §
o |EcwSau ¢ g 8 t=a g
§ |BEE5ge| ¥ | § (28|%E
o = 50 oLyl S E G325 «
S igskl22k B | B |2°|E5| 3
[ZI SR < 2|14 |s® | &
Inch
water.| Lbs. Ft. | I't. | Ft. | Ft. |[P.ct
Bahbcock & | Dutch oven 2, | Illinois and West | 0.24 | 20.5 | 107 | 11 8 4.8131| 4.5
Wilcox. plain 1, twin Virginia.
arch 1.
Heine.......... Dorrance 1, Haw- | Illinois, Maryland, | .41 | 30.5| 103 | 8.6 6.2]0. [2.6| 4.3
ley 3, Pudding- Ohio, and West
ton 1. Virginia.
Scotch marine..{ Burke 2, Hawley | Illinois and In-| .21 (19.7 84 42/ 3.0(43|1.7| 4.0
1, plain 2. diana.
Miscellaneous. .| Dorrance 3, Dutch | Illinois, Indiana, | .30 [ 24.5| 104 | 9.4 7.2 (2.9 (29| 4.5
oven 1, Hawley Maryland,
3, plain 4, Burke Pennsylvania,
2, twin arch 1. and West Vir-
ginia.

« One plant has both Hawley and plain furnaces.
5 Boiler rated on 10 square feet of heating surface per horsepower.
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The draft observations may be briefly summarized thus:

Average furnace draft, 25 plants, 0.29 inch of water; least, 0.07- inch; most, 0.60
inch. Average draft at rear of hoiler, 11 plants,0.54 inch, least, 0.32 inch; most, 0.70
inch. Average draft at base of stack, 19 plants, 0.75 inch, least, 0.50 inch; most, 1
inch. From these readings were deduced the following approximate’ draft averages:
Approximate average draft in furnace, 0.30 inch of water; at rear of boiler, 0.55 inch,
at base of stack, 0.75 inch. This gives an average drop of 0.25 inch of water through
the boiler and of 0.20 inch from the boiler to the base of the stack.

Details of the observations at plants with hand-fired furnaces under
water-tube and Scotch marine boilers are given in Table 20.
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Plants with return tubular boilers.—The size of the 44 plants having
hand-fired furnaces under return tubular boilers varied widely, the
smallest being 50. horsepower and the largest 1,000 horsepower. At
45 per cent of these plants run-of-mine, egg, or lump coal was burned.
The cost of coal at 31 plants averaged $2.49 per ton, ranging from
$1.60 to $4.10. Uniform loads were carried by 34 plants and varied
loads by 10. On the average 90 per cent of the rated boiler horse-
power (boiler rated on 10 square feet of heating surface per horse-
power) was developed on mean heavy load. The furnaces in use at
the different plants included 10 types, as follows:

Furnaces used at plants with hand-fired furnaces under return tubular boilers.

Number of
plants.

Dorrance (with Dutchoven)....................... e 1
Down-draft ... ... 10
MeMillan. ... e 5
Twinarch. ... i 1
Wo0ley. oo 1
Burke (western, with Dutch oven) ................................ 2
Burke (eastern). . ... .. 1
Plain. . i 21
Cornell economizer. . . . ... i i e 1
Puddington. ... ... oo, 1

Of these furnaces, 20 had steam-jet attachments. Eleven were
equipped with either rocking or dumping grates. At 33 plants either
the spreading or the alternate method of firing was used; 5 plants
used the coking method.

The average length of travel of the gases to the tube heating sur-
face and the height of the combustion chamber are indicated by the
following figures:

Average distance from grates to tube heating surface, 44 plants, 16.6'feet; shortest,
13 feet; longest, 24 feet. Average least distance from grates to tube heating surface,
44 plants, 14.2 feet; shortest, 11 feet; longest, 22 feet. Average vertical distance
from grates to shell, 31 plants, 2.3 feet; shortest, 1.5 feet; longest, 5 feet. Average
ratio of heating surface to grate surface, 44 plants, 45 to 1; lowest, 26 to 1; hlghest
67 to 1.

The draft readings ’ml\en at these plants may be summarized as
follows:

Average furnace draft, 39 plants, 0.23 inch of water; range, 0.03 to 0.55 inch.
Average draft at front tube sheet, 15 plants, 0.41 inch; range, 0.27 to 0.68 inch.
Average draft in breeching, 25 plants, 0.51 inch; range, 0.22 to 1.42 inches. Average
draft at base of stack, 16 plants, 0.66 inch; range, 0.35 to 1.10 inches.

The following approximate draft averages were deduced from the above: Furnace,
0.25 inch of water; front tube sheet, 0.40 inch; breeching 0.50 inch; base of stack,
0.70 inch. Approximate average drop through the boiler, 0.15 inch.

For convenience the furnaces and devices in use at these plants are
discussed in'three groups—down-draft furnaces, steam jets, and mis-
cellaneous furnaces and devices.
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The essential features of the down-draft furnace are described in
the account of hand-fired furnaces under water-tube boilers. Its set-
ting and operation at the 10 return tubular boiler plants where it
was found in use are taken up here. All the down-draft furnaces at
these plants were set under units of 150 horsepower or less, and none
were set in a Dutch oven. Nine of the plants carried a uniform load.
At 4 of the plants the coal fired was run-of-mine, nut, or egg. The
average cost of coal at 6 of them was $2.68 per ton. At all 10 plants
firing was by the spreading method. The kinds of coal burned and
the average depth of fire carried were as follows:

TasLe 21.—Kind of coal and depth of fire at plants with down-draft furnaces under return
tubular boilers.

Number | Average Number |.Average
Kind of coal burned. of depth Kind of coal burned. of depth
plants. of fire. plants. | of
. Inches. Inches.
Iinois. . coooeiiieaia . 1 7 Pennsylvania................ 2 10
Kentucky . 4 8.5 || West Virginia................ 2 11
Ohio. .o 1 9

The draft, coal consumption, percentage of rated boiler horsepower
developed, distance from grates to tube heating surface, and smoke
observations show the following averages:

Draft through fire, 0.30 inch of water; range, 0.03 to 0.36 inch.

Coal as received burned per square foot of grate surface per hour, average heavy
load, 20 pounds; least, 13.3 pounds; most, 24.4 pounds.

Percentage of rated boiler horsepower developed, average heavy load (boiler rated
on 10 square feet of heating surface per horsepower), 96; range, 58 to 157.

Average distance from grates to tube heating surface, 17.1 feet. Least distance
from grates to tube heating surface, 14.7 feet.

Smoke emitted, 5.6 per cent black.

The plants visited that had steam jets in the furnaces numbered
20, one of which is included also in the group with down-draft fur-
naces. At all of them the furnaces were run under boiler units of
150 horsepower or less. The coal burned came from eight States. At
10 plants the size of ¢oal was lump or run-of-mine; the cost ranged
from $1.50 to $4.10 per ton, the average being $2.32. Eighteen
plants carried fairly uniform loads. Nineteen had furnaces with flat
grates. The kinds of coal and the thicknesses of fire carried are
shown below.

TasLe 22.—Kind of coal and depth of fire at plants with steam jets in furnaces under
return tubular botlers.

Number | Average Number | Average
Kind of coal. of depth Kind of coal. of depth
plants. of fire. plants. | of
Inches Inches
2 4.5 || Tennessee............cevenenn 1 9
1 15 West Virginia 5 8.5
3 g 3 Miscellaneous 5 7
3 .
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FIGURE 32.—A hand-fired furnace and Scotch marine boiler, elevation.
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The draft through the fire, the coal consumption, the furnace set-
ting, and the smoke given off were noted at only 20 plants. The
average of the measurements were as follows:

Draft through fire, 0.23 inch of water; range, 0.15 to 0.37 inch.

Coal as received burned per square foot of grate surface per hour, average heavy
load, 17.6 pounds; least, 11.2 pounds; most, 25.3 pounds.

Percentage of rated boiler horsepower developed, average heavy load (boiler rated
on 10 square feet of heating surface per horsepower), 78: range, 46 to 174.

Average distance from grate to tube heating surface, 15.9 feet. Least distance
from grate to tube heating surface, 13.7 feet. Vertical distance, grate to shell, 2.2 feet.

Smolfe emitted, 4.2 per cent black.

The miscellaneous group includes all ihe hand-fired furnaces under
return tubular boilers not already described. Three of these furnaces
with their distinctive features are briefly described below. Three
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FicUrE 33.—A hand-fired furnace, cross section.

others, including the down-draft, are described in the account of
hand-fired furnaces under water-tube boilers (pp. 104-106).

In the first furnace the coal is fired from side hoppers in the fur-
nace wall to a combustion chamber, virtually a Dutch oven, having
short sloping grates at the sides with a wide rocking grate between
them. The furnace is thus practically a hand-fired side-feed stoker.
The Dutch oven -construction gives a hot combustion chamber and
lengthens the travel of the burning gases. An elevation and a cross
section of such a furnace placed in front of a Scotch boiler are
presented in figured32 and 33. ’

Another furnace having distinctive features intended to insure
complete combustion and prevent smoke is shown on page 121.
In this pattern (see fig. 34) the furnace gases pass through circular
openings in the bridge wall. Immediately beneath these openings
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are small rectangular holes by which air that comes through a passage
in the bridge enters the furnace. The object of this construction is to
admit air in such a way that any unconsumed carbon in the gases
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_will be brought into contact with the necessary air for burning it
without cooling the combustion space.
Another furnace intended to effect smokeless combustion by special
fire-brick piers and arches in the combustion space is shown in fig-
ures 35-37. Its characteristic features are two furnaces, each with
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FIGURE 35.—A hand-fired furnace and return tubular boiler, elevation.
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an arch extending the entire length of the grate, virtually making
small Dutch ovens; a wide-arched passage, in which are openings for
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FIGURE 36.— A hand-fired furnace, plan.
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air admission, in the wall back of thegrates; and anotherarched passage
of greater height back of this. This construction gives a long, irregu- -
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lar combustion space, evidently intended to permit thorough mixing
of gas and air. Figure 35 is an elevation of the furnace as usually
installed under a return tubular boiler; figure 36 is a horizontal
plan, and figure 37 a cross section.

0000 0000
000/0/010(0/00]0)
2, 00000 OO0Q0

/ ‘\\00800 oogoo

(1)

FIGURE 37.—A hand-fired furnace and return tubular boiler, cross section.

The observations on seven different styles of furnaces were averaged
to obtain the figures given in the tables below. All of these furnaces
were installed under boiler units of 150 horsepower or less. Nine
were equipped with either rocking or dumping grates.

The coals burned and the thicknesses of fire carried at the 15 plants
classed as miscellaneous were as follows:

TasLe 23.—Kind of coal and depth of fire at plants with miscellaneous hand-fired fur-
naces under return tubular boilers. i

Average

Number Kind of coal. deg:h of
e.

of plants.

Pennsylvania. .
West Virginia.

YT
=
=
=
5]
=]
i
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The average draft through the fire and the average coal consump-
tion were as follows:

TaBLeE 24.—Average draft and coal consumption at plants with miscellaneous hand-
Jired furnaces under return tubular botlers. :

Coal as
received
Numm! bm‘nedfpcr
. winber n square foot .
Kind of furnace. of 1‘5’;’,}%"‘3 of grate
furnaces. e surface
per hour,
average
heavy load.
Inch of
: water. Pounds.
MMl ..ot aaaas 5 0.14 22
DOTTanCe. . ... o 1 .23 47
T'win arch.. 1 7 N PO
Wooley... 1 .21 16
Burke...... .. 2 11 18
Puddington. ..o 1 12 13.2
Plain. . e 4 28 14.6

The averages of various items are as follows:

Coal as received burmed per square feet of grate per hour, average heavy load,
21.8 pounds.

Percentage rated boiler horsepower developed, averaged heavy load (boiler rated
on 10 square feet of heating surface per horsepower), 91.7; lowest, 53; highest, 184.

Average distance from grate to tube heating surface, 16.3 feet. Least distance
from grate to tube heating surface, 14.1 feet. Vertical distance, grate to shell or
arch, 2.1 feet.

Smoke, 6 per cent black.

Details of the observations at all the plants with hand-fired fur-
naces under return tubular boilers are given in Table 25.
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SUMMARY.

The remarks in Tables 20 and 25 show that in many of the hand-
fired furnaces an attempt was'made to lengthen the travel of the gases
from the grates to the heating surface. ‘The design of some furnaces
showed recognition of the value of mixing the air and the gases, and
arches, retorts, piers, or steam jets were used to accomplish this end.
Where steam jets were used they were usually ms‘talled so as to be
automatically thrown in and out of service.

The regulation of air admission was accomplished at some plants
by cracking the furnace door after firing, at others by taking air
through the dead plates or through openings in patent furnace doors.
These openings in the dead plates and furnace doors were usually
automatic with the opening of the doors and were slowly closed by a
weight and dash pot. This arrangement allowed the most air to
enter the furnace at the required time.

All hand-fired furnaces which will burn coal without objectionable
smoke approach the theory of the mechanical stoker, but owing to
the variability introduced by the personal element, they can not under
average conditions give as good results.

" SMOKE OBSERVATIONS AT GEOLOGICAL SURVEY
FUEL-TESTING PLANTS.

TESTS AT NORFOLK, VA.

The boiler plant at Norfolk was equipped with two furnaces—one
fired by-hand, the other by a mechanical stoker. The hand-fired
furnace had plain grates and mixing structures in the combustion
chamber. The mechanlcal stoker was of the underfeed type. Figure
38 shows the elevation and plan of the boiler setting; figure 39 gives
a cross section of the setting and the plan of the bridge wall.  All of
the coal used in the tests was of the same general grade; it coked and
was low in volatile matter. An expert fireman was employed. Each
test lasted about eight hours. *

HAND-FIRED TESTS.

The hand-fired furnace was set under a Heine boiler which had
C tile on the lowest row of tubes. The tile-roof furnace thus formed,
in combination with the mixing structures, proved to be a good -
design for burning coal low in volatile matter. With this boiler six
tests were made, a number too small to permit. the drawing of any
very definite conclusions. The plant developed from 78 to 155 per
cent of the builder’s rated capacity and made very little smoke; on
no test did the smoke average 10 per cent black. The boiler efficiency
on the six tests averaged 66.90 per cent, varying from 65 to 69. The
dry coal burned per square foot of grate per hour ranged from 13.7 to
27.6 pounds.
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The tests showed that the percentage of volatile matter in the
combustible is an element always to be considered. Even with
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FIGURE 33.—Elevation and plan of setting of hand-fired Heine boiler at Norfolk, Va.

G : 4259 .02

%
%
-

N

A “u_‘"tﬂ "

small variations the percentage of efficiency follows it closely. High
volatile matter gives low efficiency, and vice versa. '
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The highest efficiency was obtained when the plant was run at low
capacity. The most carbon monoxide was found in the flue gas and
the greatest unaccounted for loss in
the heat balance when the plant was
run at high capacity, showing that
forcing the furnace decreased the effi- ¥
ciency. Thesmoke determinations do
not seem to harmonize with some of
the expected relations; but theseread-
ings vary a great deal and are not as
reliable as some of the other items. 1In
determining efficiency it must not be
oveglooked that incomplete combus-
tion is not the only varying element. _J
In all six tests the percentage of black
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temperature could make the smoke determination and the efficiency
noncomparable,
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Five tables compiled from the data collected during these tests are
given below:

TaBLE 26.—Results of hand-fired smoke tests at Norfolk, Va., on basis of botler efficiency

72%.
Combus- Volatile. | Percentage
Efficiency Black tion-cham- | matter in {of builder’s| COzin:flue
72* (per |smoke (per| ber tem- | combus- | rated ca- gas (per
cent).e cent). perature | tible (per pacity cent).
’ (°F.). (cent). | developed.
64.91 5.5 2,192 20. 36 81.0 6.26
64.93 6.2 2,523 . 19.31 129.5 oo ...
66.29 5.6 2,442 19.97 154.8 6.73
67.69 8.2 2,678 17.05 102.2 10.93
68. 61 8.6 2,264 16.78 78.3 6.96
68.94 8.4 2,016 16.48 | - 80.6 7.04
-

o Efficiency 72* figured from pounds of combustible ascending from the grate, the ash being determined
by analysis of the dry coal.

TaBLE 27.—Results of hand-fired smoke tests. at Noyfolk, Va., on basis of unaccounted

Jor loss in heat balance.

Unac- . . Percentage
coimnted COQgin flue| CO in flue | of huild- Loss up Black
for (per gas (per gas (per | er’srated | stack (per |smoke (per
ce u%)) cent). cent). capacity cent). cent).
. developed. .
5.02 6.73 0 154.8 23.67 5.6
9.42 7.04 0 80.6 18.14 8.4
9.86 6.26 0 81.0 21.51 5.5
11.02 6.96 .06 78.3 16.43 8.6
13.05 10.93 .09 102.2 14.97 8.2

TaBLe 28.—Results of hand-fired smoke tests at Norfolk, Va., on basis of black smioke.

Volatiie - | Percentage )
Black ti%?xr-ncgg;- Efficiency | matter in |of builder’s | COs in flue
smoketgper her temper- 2% (p)er C(}))Illlbllsf;l- rated ca- | gas (per
cent). i cent). e (per acity de- cent).
ature (° F.). cent). pveloped.
5.5 2,192 | 04.91 20. 36 81.0 6.26
5.6 2,442 66.29 19.97 154.8 6.73
6.2 2,523 64. 93 19.31 129.5 ...,
8.2 2,678 67. 69 17.05 102.2 - 10.93
8.4 2,016 |- 68.94 16.48 | . 80.6 7.04
8.6 2,264 68. 61 16.78 78.3 6.96

TABLE 29.—Results of hand-fired smoke tests at Norfolk,Va., on basis of combustion-
chamber temperature.

. Pefcentage of

c%%?n%gitég:;- Efficiency 72* | builder’s rgted Black smoke

i apacity de- T ¢ent).

perature (° F.).| (Pereent) ¢ \I;e]%pgd.e (per cent)

2,016 68. 94 80.6 8.4

2,192 64.91 81.0 5.5

2,264 68. 61 78.3 8.6

2, 442 66.29 154.8 56

2,523 064. 93 129.5 6.2

2,078 67.69 102.2 8.2
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Tasre 30.—Resulls of hand-fired smoke tests at Norfolk, V., on basis of 002. in flue gas.

" Combus- Volatile . Pounds of
COzin flue tion-cham- Efficiency | matter in Black air per
- gas (per ber temper- 72% (per | combusti- [smoke (per{ pound of
cent). o cent). ble (per cent). combusti-
atuare (° F.). cent). hle.
6.26 2,192 64. 91 20. 36 5.5 34.96
6.73 2,442 G6. 29 19.97 5.6 32.74
6. 96 2,264 68. 61 16.78 8.6 31.81
7.04 2,016 68. 94 16. 48 8.4 31.74
10.93 2,678 67. 69 17.05 8.2 20. 64

TESTS WITH MECHANICAL STOKER.

At the same plant 23 tests were made with an underfeed stoker
under a Heine boiler. The boiler was baffled so as to form a tile-
roofed furnace. It contained 2,031 square feet of heating surface
and was rated by its builders at 210 horsepower. The boiler efficiency
72% averaged 67.4 per cent and varied from 61.83 to 73.71 per cent.
On arranging the test data and calculated results on the basis of effi-
ciency. it was shown that there was no general relation between effi-
ciency and any other item. The combustion on all the tests was
nearly perfect, the highest average percentage of black smoke heing
5.3. The percentage of rated capacity developed ranged from 53.8
to 175. The average percentage of CO, in the flue gases ranged from
5.97 t0 11.61. The average combustion-chamber temperatures varied
between 1,792° and 2,575° I,

The results of these tests are shown in Table 31 on the basis of black
smoke observed, and in Table 32 on the basis of dry coal burned per
hour.

Tasre 31.—Results of smoke tests with underfeed stoker at Norfolk, Va., on basis of black

smoke.
Percentage | Combus-
Black COzin flue | CO in flue | of huilder's | tion-cham-
smoke (per| gas (per gas (per  |rated capac-| ber tem-
cent). cent.) cent). ity devel- perature
oped. (°F.).

0 6.81 0 54.8 1,792
0 9.01 0 74.8 1,978
0 7.38 0 70.7 2,014
.5 7.88 0 75.8 2,192
.8 7.99 0 57.7 1,920
.8 8.58 0 93.0 2,070
.9 10.00 0 94.9 2,196
1.0 5.97 0 83.1 2,136

1.1 7.66 0 58.9 2,0
1.1 9. 58 0 73.5 2,133
1.2 9.58 0 71.4 2,003
1.3 7.55 0 1315 2,381
1.8 8.76 0 124.7 2,311
1.9 7.62 0 56. 4 2,016
2.0 9.61 05 106.3 2,205
2.2 8.58 06 105.0 2,192
2.2 10. 74 04 126.0 2,352
2.3 6.85 10 124.0 2,296
3.4 9.49 04 91.9 2,336
3.9 10.74 03 115.3 2,298
3.9 11. 61 11 175.0 2,575
5.3 11.25 16 127.9 2,347
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PaBLE 32.—Resulls of smoke tests with underfeed stoker at Norfolk, Va., on basis of dry
coal burned per hour.

Combus-
Dry coal | Black | Efficien-| COzin | COin tion-
bhurned | smoke cy 72*% | flue gas | flue gas | chamber
per hour (per (per (per (per temper-
(pounds).| cent). cent). cent). cent). Exot%re
).
376 [i] 69. 58 6.81 0 1,792
396 .08 67. 60 7.99 0 1,920 °
414 11 66. 52 7.66 0 2,053
421 1.9 65. 04 7.62 0 2,016
469 1.1 73.71 9. 58 0 2,133
482 1.2 68. 62 9.58 0 2,003
489 0 68. 44 7.38 0 2,014
497 0 70.01 9.01 0 1,978
531 .5 66. 62 7.88 0 2,192
570 1.0 68. 47 5.97 0 2,136
636 .9 69. 41 10. 00 0 2,196
(82 .8 63. 44 8.58 0 2,070
711 2.2 69. 62 8.58 .06 2,192
735 3.4 68. 98 9.49 04 2,336
813 2.0 63.91 9.61 06 2,205
872 2.2 68. 00 10. 74 04 2,352
879 3.9 63. 90 10.74 03 2,298
887 2.9 65.97 10.76 [ P
894 1.3 69. 13 7.55 0 2,381
901 2.3 64. 51 6.85 10 2,296
921 5.3 €8. 59 11.25 16 2,347
938 1.8 61.83 8.76 0 2,311
1,209 3.9 68. 11 11. 61 .11 2,575

It will be noted that, as has been pointed out by Breckenridge,s
a high percentage of CO, is not necessarily an indication of high econ-
omy. When the air supply is reduced, the furnace temperature,
CO,, CO, and smoke are all increased after a certain capacity is
reached. -

Theoretically, better results should be obtained with only enough
air to supply the necessary oxygen, but in practice with most equip-
ments there is a limit to.the capacity of the furnace for burning the
volatile matter in the coal, and the limited supply of air results in
incomplete combustion, which more than offsets the effects of high
- furnace temperature and high CO,.

The following general 1elat10ns have been deduced from a study of
the data collected. When the percentage of black smoke was the
highest, the CO, and the CO in the flue gases, the capacity, and the
combustion-chamber temperature were highest, and vice versa; there
was no definite relation with boiler efficiency. This may be taken to
mean that a stoker properly installed can be operated under wide
variations in capacity with different conditions of operation, and yet
run smokelessly and with high efficiency. :

TESTS AT ST. LOUIS, MO.

The plant at St. Louis had two hand-fired Heine boilers; one fur-
nace had a flat grate, the other a rocking grate. Either natural draft
or forced draft supplied by a fan could be used. The bottom row of

e Breckenridge, L. P., A study of four hundred steaming tests: Bull. U. 8. Geol. Survey No. 325, 1907.
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water tubes in each boiler was incased in tile, forming tile-roof fur-
naces. In most of the tests these furnaces contained some sort of
structure to mix the air and the gases from the fire, and thus hasten
combustion. An expert fireman working under the direction of a
competent engineer was employed in all tests.

The following tables and deductions are compiled from tests
made at this plant and supplement the observitions in the field and
at Norfolk, as they throw light on several points which have hereto-
fore been little considered or at least not fully determined. All
the tables have a bearing on the problem of smoke prevention and
they are presented because they may be of assistance in its solution.

Table 33 shows the results of six tests made to determine the best
method of hand firing a high-volatile Illinois coal, nut size, using
natural draft. The proximate analysis of the coal as fired showed
the following: Volatile matter, about 36 per cent; ash, about 10 per
cent; moisture, about 13 per cent; British thermal units average,
10,948. .

Four different methods of firing were used—uibbon (firing alter-
nately in narrow strips across the full length of the grate), coking,
_alternate, and spreading. In every test a reasonably thin fire was
carried, from 2 to 3 inches of incandescent fuel above the clinker.
Whens firing by the spreading method three shovelfuls of coal were
thrown on the back of the grate and two on the front. When firing
by the ribbon method the fire doors were kept cracked.

The average of tests 500 and 504 was taken as representative of
the alternate method of firing. On test 500 the furnace doors were
closed tightly after each firing; on test 504 they were kept cracked.
This cracking of the furnace doors, while it caused a slight reduction
in smoke compared with test 500, proved to be wasteful because the
combustion space was not constructed so as to make the excess air
of value in hastening combustion. A compromise method, cracking
the doors for a short time after firing and then closing them, ought
to give as good if not better results for alternate firing than those
shown in the table.

The ribbon method of firing, where the coal was fired most fre-
quently with the smallest amount per firing, gave the highest effi-
ciency and practically no smoke. The usual spreading method of
firing gave the lowest efficiency and caused the most smoke. The
results with the.alternate and the coking methods showed that one
was about as good as the other.

74897—Bull. 373—09—10
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TaBLE 33.—Results of comparative tests on Illinois coal to determine best method of firing.

Per-
A . cent;-f
o Averago age o,
No-. Kindof | Mothod of v Black | interval Qoal | rated Observation of stack for
raft. ring. > smoke. | between | o capac- one hour.
test. g 72% firings. firing. | "% ¥
devel-
oped.
Perct.| Per cl.‘ Minutes. |Pounds.
503 | Natural...| Ribbon..... 62.22 ) - 5.0 2.3 50 | 106.7 | Twenty per cent black

smoke 15 minutes; clean
45 minutes.
502 [..... do..... Coking...... - 60.49 15.0 7.4 140 95.0 | Twenty per cent black
smoke 48 minutes, very
: seldom as high as 40 per
: cent; clean 12 minutes.
a 500 . One hundred per cent
' ) black smoke 43 minutes,
80 per cent 4% minutes,
60 per cent 3 minutes, 40
. e . ‘per cent 13 minutes, 20
..do..... Alternate. ... 59.87 15.8 3.5 70 | 106.5 per cent 6 minutes; clean
c 41 minutes.
a 504 R Forty per cent black smoke
6 minutes, 20 per cent 24
minutes; clean 30 min-
. ’ utes.
501 |..... do..... Spreading ..| 57.56 32.0 9.3 170 92.7 | One hundred per cent
black smoke 15 minutes,
80 per cent 13 minutes, 60
per cent 1% minutes, 40
per cent 4% minutes, 20
per cent 6 minutes; clean
22 minutes.
505 | Forced....| Alternate...| 60.20 14.9 3.4 85| 131.6 | Sixty per cent black smoke
' . 44 minutes, 40 per cent 3
minutes, 20 per,cent 24
minutes; clean 29 min-
utes. -

. a Average.

Table 34 is instructive because it shows the possibility of utilizing
high-ash coals. Although the grate area was too small to obtain the
rated capacity of the boiler, steam was produced at a reasonable
efficiency. Owing to the distribution of the combustible in the coal
as fired and to the low rate of the combustion, no smoke was pro-

duced.
TABLE 34.—Results of tests on high-ash coals.
Per-
: age o in :
I‘f)‘r" Tield designation | Kind of (t:alrlIiIE- m:izltlt,er Ashin | rated ciligl-y Black. | dry tﬁ%’?;‘
test. of fuel. draft. | Crice. | com- | 08l |capac- | o™ |smoke. | flue coal.
: busti- ity gas.
ble devel- .
. oped.
Per ct. | Perct. | Per ct. Per ct. | Per ct. | Perct. | Per ct.
451 | Argentina No.1..... Forced.. 60 | 39.32 | 50.16 | 34.20 | 51.01 | 0 0.15 6. 94
458 | Argentina . No. 1 {....do.... 48 | 34.41 | 31.33 | 52.90 | 57.82 0 .26 16. 48
(washed).
479 | Washery refuse......[....do.... 69 | 36.35| 41.82 | 72.60 | 57.08 0 .40 10.83
Average......|occeenn... ‘ 59[ 36.69‘ 41.1o| &3.23' 55.30 o] 27| 142
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Tables 35 and 36-were compiled to show the effect of size of coal
on efficiency developed and smoke produced. All coal used in the
tests summarized in Table 35 had an average diameter of over 1 inch;
that used in the tests summarized in Table 36 had an average diam-
eter of less than one-half inch.

TABLE 35.—Resulls of tests with couls having an average diameter of over 1 inch.

Percent-
. Pounds
Average Effi- ) age of of air per
o ; ; No. of | 3: N Black |rated ca-
Field designation of coal. test. d:)z}lgggler cn;gf.y. smoke. . plac’it; poc%trlr(ll- of
: oped, | Pustible.
) T |
Alabama: . | Inches. | Per cent. | Per cent.
NO.BBocmmmmme el B a2 83| 00| mo| B
Tllinois:
175
205
324
325
337
338
339 1.97 65.13 19.7 97.8 20.33
341
342
353
452
461
509

1.27 |, 66.82 12.0 90.3 20. 55

114 67.27 19.4 96. 2 19.74

1.29 66. 20 25.1 99. 6 19. 26

Do 475
Pennsylvania:
N
....... 195
NO. 19 i 498
Tennessee:
NO. Lo 344
Do. 345
N Do. 346 R .
0.2.. 369 .
No. 3. 350 1.58 66, 26 24.1 106. 6 21.38
Do 349
No. 4.... .. 356
No. 7Aoo 372
Virg]i\?ia:
0. 2 et 247 .
No. 2 (washed). ... ... 260 1 03' 66. 90 41. 4 95.9 17.63

West Virginia:
No. 16 A

0.
No. 21
No. 22 1.20 68. 59 12.8 109. 3 19.89

1.22 61.72 18.6 836 20.61

LR 2 286 .
No. 5 (washed). - ‘94] 1.20|  €6.90 23.8 9.6 19.67
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TaBLE 36.—Results of tests with coals having an average diameter of less than one-half inch.

P:,':ge;}t' I[‘ounds
o A No. of | Average |Efficiency| Black rated | O T per
Field designation of coal. lest. |diameter.| 72%. smoke. | capacity gggﬁﬂlg_f
0;:;3]' tible.
Alabama: Inches. | Per cent. | Per cent.
N 377 . -
478 0.39 67.25 8.5 01. 4 26. 53
480
Mal | on20 0 79.3 26.50
160
161
163 .36 C6. 40 13.5 90.3 19.27
170
171 *
166 | - .45 66. 38 2.0 \74.7 23. 64
: 449 .35 65. 20 3.0 97.0 23.77
Maryland: No.1.. 222 .34 65,28 8.2 80.1 21.45
New Mexico: No. 4 B 395 .39 €5.12 18.0 100.6 25.13
Pennsylvania:
B T 242
Do..... 239
Do..... 238
Do..... 237 .
Do..... 236 .36 66. 87 3.6 87.5 23.14
No. 15...... 472
Do..... 473
No. 16... 471
No.17......... 506
Tennessee: No. 9 A 365 .44 64.24 12.0 98.8 24.93
Virginia: No. 6...... ... il 507 .46 63. 39 3.0 101.8 25.84
West Virginia: '
NO. 13 180
No.17...... 225
No.19 2 46 |- 68.93 98| 86.9| 2218
No.22 A 447
Do 446

 Tests 104 and 176 omnitiod elinkor e g cansed irouble.

These two tables show that both large and small sizes of coal from
the same State were burned. All tests in which owing to some factor,
such as trouble with clinker, the air distribution was not due to the
size of the coal were omitted in compiling results. Table 37 gives a
comparison of the average results of Tables 35 and 36. It shows that
with either large or small coal about the same efficiency resulted.
Unfortunately for direct comparison the large coals burned more
readily and produced higher capacities than the small in nearly every .
test; also with the large coal less air was used per pound of combus-
tible. Nearly all the small coals burned with little smoke, while all
the larger sizes caused considerable black smoke.

TasLE 37.—Comparison of average results of tests with small and large sizes of coal.

. Percentage Pg‘i]r"d:r(’f
Number | Average | Efficiency | Black |of rated ca-| 2 P2 of
of tests. | diameter. 72, | smoke. | pacity de- Ic)ombus-

veloped. tible.
Imnches. Per cent. Per cent.
31 0.39 66. 88 7.4 88 23.07

A . 6
53 1.46 65.97 21.3 98.3 20.28
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Table 38 is of especial interest, for it shows that lignites, peat, and
subbituminous coals with 47 to 67 per cent of volatile matter in the
combustible can be hand-fired with the production of only a small
amount of smoke. The average indicates that the boiler was run up
to the rating at an efhmency of about 60 per cent. The smoke
averaged less than 10 per cent black. '

TasLe 38.—Resulls of tests on lignites, peat, and subbituminous coals.

i Per- .
Clink Volatile] centago coi cg]“nafgd
. - No. of | Kind of |Clinker|matter jofrated peoiency| Black n \ror in
Field designation of fuel. in ref- | in com-| capac- dry flue
test. | draft. | oo hustie |ty de-| (2| S™OKe: Tonges, gg?_t
ble. vel- ance
oped.
' Perct. | Perct. Perct. | Perct.| Perct. | Perct.
Arkansas No.10.......... . 348 lli}ogced]. . 0 8.‘73 ;;7 log.g g(sl %g lg 0. 38 s
Florida No. 1 (briquets).| 380 | Natural.| 29 67. 113. 8. .1
Montana No. 2.......... 470 |...do..... 0 207 118.21" 6811 18 .02 6.00
Montana No. 3. ......... 477 |.. do..... 58 41.76 | 115.2 65.78 | 12.5 .07 8.65
North Dakota No. 3..... 206 | ¥orced. . 57 56.71 90.7 57. 46 0 0 13.32
291 |...do..... 0 54. 88 89.1 61.37 0 0 6.88
Texas No. 4............. 298 |...do..... 0 55.14 | 104.1 52.01 12 0 17.59
28 53.07 96. 4 53.05 14 .24 14.84
Washington No. 1 B.. 0 47.99 81.8 65. 04 10 .07 8.89
Wyoming No. 6..... 14 47.19 93.1 57.84 3.5 .04 16.22
Average........... 18.6 | 51.98 | 100.1 59.91 8.3 .08 11.30

Tables 39 to 41 supplement one another. Table 39 gives the
average results of tests which showed a high percentage of black
smoke; Table 40 gives the coals used in these tests and contains some
-remarks explanatory of the high percentage of smoke in particular
tests; and Table 41 gives the results of tests with coal which made
little smoke.

A comparison of Tables 40 and 41 shows that the coals which
smoked the worst clinkered the most. The smoky coals also had
higher percentages of volatile matter in the combustible, were burned
at higher capacities, and gave a lower efficiency than the less smoky
coals.

Among the comparatively smokeless tests were two on Utah coal
and two on Missouri coal in which, for some unaccountable reason,
the coals burned with a low efficiency; with these four tests omitted
from the average, the low-smoke tests gave an average efficiency of
66.93 per cent, with a percentage of builder’s rated capacity developed
of 96.6. The high-smoke tests gave an average efficiency of 64.32
per cent, with a percentage of rated cmpamty developed of 99.2,
showing a good percentage in efliciency in favor of the low- smoke
tests. There are many briquet tests included in Table 41, and Table
42 shows that as a general rule the briquets made very little smoke.
The other tests which gave low percentage of smoke were made with
coals low in volatile matter, or slow burning, or else some means
besides the automatic operation of the air-admission doors was
employed to supply more air. '
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TABLE 39.—Results of tests showing 35 per cent or over of black smoke.

[Tests using natural draft, 34; forced draft, 5.]- . .

Range.

Clinker inrefuse.................. e per cent. . 49.9 0 to 67

Volatile matter in combustible. ... ... ... ... ... do.. 42.88 | 36.38 to 51.58
: Percentage of rated capacity developed.... .. ... .. . ... . 99.2 | 84.4 to 129.9
- Efficiency 72%_ . .. .. per cent 04.32 | 56.64 to 69.36
' BIACK SIMOKE.. . « ¢ e e et eet e e e e e e e e e do.. 41.8 | 350 to 54.8
: CO in dry chimney gases. . .....c.oeiimimii i do.... .28 .07 to .73

Unaccounted for in heat balance..................... ... ... . do.... 12.55 | 5.71 to 19.03

TasLE 40.—Coal giving'over 35 per cent black smoke.

No. of

Field flesignation of fuel. test. Remarks.
Illinois:
NOTE i 516 | Forced draft; automatic air admission not operated.
No. 13 (washed). 144 | Automatic air admission operated.
No. 15 (washed) 152 | Clinker re(rlnovcd with difficulty; automatic air admission
operate:
150 | Automatic air admlssnon operated.
153 | Heavy chnker formed on grate; automatic air admission
operated.
159 | Automatic air admission operated.
158 Do.
184 Do.
168 Do.
334 Do.
No. 10 .............................. 167 Do.
' No. 10 (washed).................... 177 Do.
. Kansas: No. 6 (washed)................ 323 Do.
! Missouri: No. 7 (washed)............... 332 | Forced draft clinker solid; automatic air admxssnon not
! o operated; maxnmum-capamty test.
hio:
203 | Automatic air admission operated.
202 Clinkgr adhered to grate; automatic air admission oper-
ated.
220 | Automatic air admission operated; coal caked badly.
219 Clinkgr fused into grate; automatic air admission oper-
ate
- 190 Automatlc air admlssxon operated.
186
269 Clnzkgr adhered to grat;e automatic air admission oper-
ate
No.9A ..ol 246 | Automatic air admission operated.
No. 9 B (washed) 241 Do.
No. 9 B (washed and dried) 243 Do.
Pennsylvania:
No, 5 (washed) 195
No. 6 217 Do.
367 | Maximum-capacity test; doors cracked after each firing;
combustion wall down during test.
251 | Automatic air admission operated.
247 Do.
260 Do. )
240 | Clinker fused into grate; automatic air cdmission oper-
ated.
216 | Forced draft; automatie air admission operated.
D 215 | Automatic air admission operated.
No. 21 (washed) 267 Do. . .
Wyoming: No.2 B 213 | Forced draft; maximum-capacity test; automatic air ad-

mission not operated.
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156 SMOKELESS COMBUSTION OF COAL.

Table 42 is a compilation of results from all tests made on briquets
at the St. Louis fuel-testing plant. The briquets all had a pitch
binder and gave off little or no smoke, showing that the tile-roofed
furnace used is satisfactory for burning such briquets. The vola-
tile matter in the combustible varied from 23 to 46 per cent and
averaged about 38 per cent. The smokeless combustion of coals so
high in volatile shows that briquetting has an appreciable effect
on burning, especially in the furnaces of steam boilers at the rates
of combustion common in stationary practice. The avérage per-
centage of the rated capacity developed on these tests was 100.6.

Table 43 is compiled from results of tests made on raw coals and
the same coals washed. All the coals were washed at the fuel-testing
plant, and the reductions or additions in moisture, ash, and sulphur
are of interest. Most of the washed coal either burned freely (wasnon-
coking) or seemed to burn more rapidly than the raw coal. In fact,
the average percentage of rated capacity developed was considera-
bly greater with the washed than with the unwashed coal. This
result does not indicate that the combustion chamber was more
effective in one case than in the other, for the table shows that the
washed coals burned with lower efficiency and made more smoke. .

The average results show that the washed coals developed 96.6
per cent of the rated capacity, with an efficiency of 64.82 per cent,
and the unwashed coals 89.9 per cent of the rated capacity, with an
efficiency of 66.95 per cent. This difference in efficiency in favor
of raw coal is more consistent and greater with the poorer coals than
with the best.

The table emphasizes the difficulty of burning wet coal in any but
a properly designed furnace. However, with a good furnace wash-
ing should be of advantage, as the washed coal burns more rapidly
than the unwashed. ‘

Table 44 is compiled from the results of tests made on the same
coals raw and briquetted, natural draft being used in every test but
one. It shows that the briquets usually burned with 1 to 3 per cent
greater efficiency, developed higher capacity, and were consumed
much more completely than the raw coal. Briquetting thus offers
to hand-fired plants a means of developing high capacity. The plant
can be run practically without smoke and obtain good efficiency by
the use of briquets.

Table 45 is a comparison of results of tests made on the same coals
burned with natural and with forced draft. Whenever forced draft
was used the attempt was made to attain high capacity. Usually
this was accomplished at the expense of efficiency. In the tests with
forced draft the average percentage of black smoke was about double
that. in those with natural draft. The combustion space not being
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designed for high rates of combustion, an average variation in capac-
ity of 92.6 to 108.4 caused an average drop in efliciency from 64.31
to 60.94: This table demonstrates that forced draft supplied through
the average grate and fuel bed will neither intimately mix the air and
gases nor allow coal to be burned at high and low rates of combustion
with equal efficiency.

Table 46 is a comparison of results of tests of the same coals burned
on flat and on rocking grates. In all the tests but one higher effici-
ency (from 1 to 5 per cent, with an average of 2) was obtained with
the rocking grate. The average difference in proportion of rated
capacity developed was about 2 per cent and was in favor of the flat
grate. However, as the rocking grate had an area of 36.4 square feet
and the flat grate of 40.55 square feet, it is evident that the rate of
combustion per square foot of grate area was at least equal on the
rocking grate to that on the flat grate, or perhaps slightly greater, but
as the total weight of coal burned on the flat grates was greater it
involved an increased tax on the efficiency of the combustion space.
The average ﬁgm es for over-all efficiency of the plant show that more
coal was lost in the ash pit with the rocking grate than with the flat
grate, but this loss did not counterbalance the efficiency, which still
shows a gain of a little more than 1.50 per cent in favor of the rocking
grate.

The ash in the dry coal varied from 5.39 to 23.16 per cent and the
sulphur from 0.58 to 4.78 per cent. In the sole test in which the
rocking grate failed to show better results the dry coal contained
about 4.50 per cent of sulphur. With both flat and rocking grates the
sulphur caused trouble. The clinker fused to the grate bars so that
the rocking grate as constructed was practically inoperative and was
actually used as a flat grate. However, as more difficulty was ex-
perienced in getting the clinker off the rocking grate, the time of
cleaning and ineflicient operation was longer with that grate and the
tests showed less efficiency, but as most plants would not have a rock-
ing grate to burn coal so high in sulphur, this point is unimportant.
In practice about 2 per cent of sulphur is assumed to be the maximum
content desirable for a coal to be burned on rocking grates, but this
limit may be exceeded if experience shows that the sulphur is in
organic form or that the sulphur and ash combined have no ill effects.
The high sulphur and ash in the Wyoming coal did not cause trouble;
in fact, the test was exceptional, for the coal did not clinker at all.

The black smoke was about 5 per cent less in the rocking-grate tests
than in those with the flat grate. While this reduction is small the

gain in efficiency with the rocking grate shows the advantage of hav-

ing some means of keeping the fire clean. Such a grate would be of
value in hand-fired plants for decreasing smoke and increasing the
- efficiency of operation.
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SMOKELESS COMBUSTION OF COAL.
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OBSERVATIONS AT SURVEY FUEL-TESTING PLANTS.
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OBSERVATIONS AT SURVEY FUEL-TESTING PLANTS.
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Table 47, compiled from the results of tests made on the same coals,
shows the variation in boiler efficiency as the smoke increases. The
tests of each coal compared were made with the same boiler and same
grate. All the tests but two were made with natural draft; but
inasmuch as the use of forced draft only increased the rate of com-
bustion, as was shown by Table 45, the tests are comparable both as
to efficiency and smoke.

In general the results show that as the percentage of rated capacity
developed increased the percentage of black smoke increased and the
efficiency decreased. This proves that the combustion space was
not efficient over a wide range of working conditions, but there was
a limit for rate of combustion for each kind of coal, above which effi-
cient operation was impossible. The table also demonstrates that
with hand-fired furnaces the combustion space to be most efficient
must have some means of mixing the air and gases. The results

with Maryland and Indian Territory coals show that the most smoke
was made on the tests showing low capacity. Methods of operation
may account for this efficiency variation, as with the Maryland coal
the automatic air admission was used on the high-capacity test and
not on the low. The discordant results in the tests of Indiana coals
are probably due to the variation in air admission. The beneficial
effect of the automatic air admission in reducing the smoke and
increasing efficiency is noticeable in several tests.

The three tests on Alabama coal were run at about equal efficiency
over a wide range of capacity, but as-the methods of operating were
dissimilar these apparent discrepancies could easily result.

High smoke values gave high unaccounted for values in the heat
balance. Usually the percentage of CO in the flue gas was much
greater when the smoke was high, showing a cause for the decreasing
efficiency and increasing visible evidence of loss noted with high

rates of combustion.

COMPARISON OF METHODS OF SUPPLYING .AIR FOR
COMBUSTION.

METHODS COMPARED.

As supplementing the data already presented to show the results
obtained in tests at the fuel-testing plants, a number of tables have
been compiled to show the relative value of different methods of
supplying air for combustion. The following methods are compared:
(1) Air supplied continuously by means of openings in grates; (2) air
taken continuously through the grates and an extra amount supplied
automatically at times of greatest distillation of volatile matter;
(3) air taken continuously through the grates and more supplied at
times of firing by cracking the furnace doors. All full-length St.
Louis tests (e\cept the briquet tests) and the hand-fired Norfolk tests
have been used in this compilation.
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RELATION OF EFFICIENCY TO CAPACITY WITH AIR ADMITTED
THROUGH GRATES AND BY AUTOMATIC DEVICES.

To permit fair comparison of the boiler efficiency and rated capacity
developed, tests were selected on which the same kind of coal was
used and the same method of supplying air for combustion. These
tests include two series, one in which the automatic air-admission
device for the furnace was not operated and another in which it was.
The results of the first series are given in the following table:

TaBLE 48.—Relation of efficiency to capacity, automatic air-admission device not operated.

Percentage . Percentage .
Kind of coal. g;;:gﬁ% Eﬂi.,.czlfflcy King of coal. co;pr:éiegr Em%f."cy
developed. developed.
Per cent. Per cent.
106.3 62.92 || Virginia 101.8 63.39
8.7 65.07 D 99.7 67.13
85.0 65.90 Do.. 92.3 68.25
80.9 67.64 Do.. 81.6 65.77
72.8 69.32 | Wyomin 99.9 56.98
108.2 67.19 Do.. 95.2 59.63
108.1 65.83 Do 93.1 57,84
Do 103.9 63.86 Do 88.2 64.08
Virginfa................... 147. 60.23 Do 81.0 63.34

The above table shows that, in general, when the air was supplied
by means of the air spaces in the grates the boiler efficiency was
highest at the lowest capacities and decreased as the capacity
increased. ‘

. Data from the second series of selected tests are presented in
Table 49. .

TABLE 49.—Relation of efficiency ta capacity, automatic air-admission device operated.

Percent%ge " ' Pe;centgge el
of rate Efficiency of rate fficiene;
Kind of coal. capacity Ton. Kind of coal. capacity i
developed. . developed.
Per cent. Per cent.
Maryland................. 113.9 68.54 || Wyoming................. 88.3 61.06
93.2 67.64 79.3 58.20
65.28 67.0 67.62

This table shows that the automatic air admission is not always
of equal value. With the Maryland coal too much air was supplied
at the capacity of 80.1 per cent, for even at the highest capacity
given neither the greatest possible reduction of air supply nor the
highest efficiency had been reached. With the Wyoming coal not
enough air was supplied at 88.3 per cent capacity to maintain the
same efficiency as at 67 per cent.
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COMPARISON OF RESULTS FROM DIFFERENT COALS WITH
VARIED AIR ADMISSION.

In Table 50 the volatile matter in the coal as received, the percent-
age of rated capacity developed, the efficiency 72*, and the smoke
readings have been averaged for the coals from each State according
to the method of supplying air for combustion.
no unvarying rule can be formulated-to cover all coals, but in general
a higher capacity and a higher efficiency resulted when additional air
was supplied at times of firing. Many of the smoke averages do not
fall as might be expected.

The data show that

TaBLE 50.—Relation of air admission to results when burning different coals.

Percent-
Volatile
‘ Num- age of
Kind of coal. Method of supplying air. ber of né?)ttle' In| ated ca- Efficien- Black
: tests al a3 ity de.| CY 72*. |smoke,
- | fireq. [PBCILY d¢
* | veloped.
Per cent, Per cent. | Perct.
. Automatic air admission off....... 5 27.3 95.5 66. 56 14.4
Alabama........... {Automatic air admissionon....... 2 29.7 78.3 65.92 0
Furnace doors cracked after firing.| 4 28.1 98.8 66. 88 8.0
Arkansas........... Automatic air admission off 6 15.0 89.1 65. 18 0
ceen@on 32 32.5 91.7 58. 56 24.7
Tllinois Automatic air admission on. 40 32.2 91.9 66. 05 18.8
Furnace doors eracked after 11 31.6 92.7 65. 04 5.4
Automatic air admission off....... 1 34.1 103.9 67.15 3.4
Indiana............. Automatic air admission on....... 35 34.8 90.1 65.13 21.9
Furnace doors cracked after firing. 1 33.5 93.1 65. 36 28.2
Indian Territor Automatic air admission off....... 1 13.6 97.0 65.20 3.0
¥ ----|\Furnace doors cracked after firing. 1 35.4 90.5| 68.10] 19.5
West Virginia Automatic air admission off....... 2 © 16.9 | 128.5 66. 99 6.9
(Jamestown) Automatic air admission on. ... 2 17.1 80.8 |  66.93 7.0
A Furnace doors cracked after firing. 1 15.3 78.3 " 68.61 8.6
Kansas {Automatic air admission on....... 13 33.1 92.2 66. 47 20.1
o Furnace doors cracked after firing. 1 33.7 68.4 67.08 [........
Maryland Automatic air admission off....... 3 15.0 95.7 67.15 6.8
ryland. . -*|\Automatic air admisston on....... 1 14.0 95.9 68.56 0
Missourt Automatic air admission off....... 1 32.0 129.4 56. 64 42.5
"""""" Automatic air admissionon....... 6 32.5 97.7 63.12 12.8
Montana............ Automatic air admission off....... % gég i(l)é §[ gg gg }? g
New Mexico........ Furnace doors cracked after firing. 4 32.6 107.9 67.08 17.8
Automatic air admission off....... 1 36.6 8L.3 69.01 13.1
Ohio...covnvinniiens Automatic air admissionon....... 24 36.6 92.1 65.69 33.1
Furnace doors cracked after firing. 2 39.0 118.4 68. 02 13.0
Pennsylvania {Automatic air admission off. 12 22.7 91.4 67.43 6.2
y ARREEE Automatic air admission on. 10 31.2 93.5| o67.67] 2.7
Automatic air admission off. 4 32.8 89.8 65.71 20.1
Tennessee........... Automatic air admission on. . 12 32.1 103.0 66. 02 14.2
Furnace doors cracked after firing. 7 33.0 110.2 65.16 21.9
TeX8S...oovuunennnnn Automatic air admission off....... 2 30.6 96.6 56.69 6.0
Virginla I . 5 25| 1046 6495| 10.4
"""""" Automatic air admissionon....... 9 34.7 92.3 66.77 34.2
Automatic air admission off....... 1 35.6 108.4 63.98 17.0
Washington........ Automatic air admission on....... 1 34.5 8L.8 65.04 10.0
Furnace doors cracked after firing. 1 36.5 97.4 66.65 33.5
Automatic air admission off. ...... 2 20.6 80.7 70.71 0
West Virginia....... {Aubomatlc air admissionon....... 27 32.7 93.8 67.59 215
Furnace doors cracked after firing. 2 34.3 103.9 69. 10 16.0
Wyomin fAutomatic air admission off....... 5 37.0 91.5 60. 37 21.6
yoming........... \Automatic air admission on. ... ... 3 35.0 78.2 62.29 3.2
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RELATION OF EFFICIENCY TO CAPACITY WITH VARIED AIR

Table 51 gives averages for all tests made with automatic air ad- -

ADMISSION.

mission not operated, automatic air admission operated, and furnace
doors cracked, not classified according to States.

TaBLE 51.—Relations of air supply to averages of results.

Percent- Black smoke.
Numb Volatile | age %f Ef

Method of supplying air. of tests. {gagg:{ cay a;zlty c;i (’)iize"]‘l.- - | Numb
as fired. evel- Amount. ofut.ést‘sar
oped. .

Per cent. Per cent. | Per cent.

Automatic air admissionoff....... PR 88 28.0 1 93.8 62.95 11.8 59
Automatic air admission on: ceen 185 33.2 92.9 66. 06 21.8 162
Furnace doorscracked. ... ...........ol. 35 31.2. 99.7 | 66.21 15.4 28

The sub] oined hst shows the names of the coals Whlch fell in the
final grouping of Table 51:

AUTOMATIC AIR ADMISSION NOT OPERATED.

Indian Territory. Pennsylvania. Tennessee.
Arkansas. Alabama. Indiana.
Maryland. Texas. New Mexico.
West Virginia (7 a.mestown) Illinois. Washington.
West Virginia. Missouri. Ohio.
Virginia. Montana. -Wyoming.

AUTOMATIC AIR ADMISSION OPERATED.
Maryland. Missouri. Virginia.
West Virginia (J: amestown) Tennessee. Washington.
Alabama. West Virginia. Wyoming.
Pennsylvania. Kansas. Ohio.
Illinois. Indiana.

West Vlrgmla. J amestown)
Alabama,

Mlinois.

New Mexico.

FURNACE DOORS CRACKED,

Ind iana.
Kansas.
Tennessee.
West Virginia.

Indian Territory.
Washington.

OhioL

.Tables 52 to 54 give averaged results showmg the relation of effi-
ciency to capacity under ‘the three methods of air admission when
high-volatile coals are burned, all the tests on low-volatile coals

being excluded.

TABLE 52.—Relation of efficiency to capacily, automatic air admission mot operated.

Percentage Percentage ’
of rated Efficiency of rated Efficiency
capacity 72%, capacity T2%,
developed. developed.
Per cent Per cent
108. 4 63.98 96.6 56.69
106.3 61.97 95.5 66.56
105.3 66. 39 86. 4 64.69
98.0 66. 19 80.7 70.71
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Table 52 shows that the highest efficiency was obtained with the
lowest capacity and that the efficiency decreased as the capacity
increased. '

TaBLE 53.—Relation of efficiency to capacity, automatic air admission operated.”

Percentage Percentage
of rated Efliciency of rated Efficiency
capacity v T2k, capacity Tk,
developed. developed.
Per cent. Per cent.
90.6 65.70 88.1 65.65
93.5 67.67 78.3 65.92
92.2 66. 47 78.2 62.29
92.1 65, 69

Table 53 shows that the lowest efficiency was obtained when run-
ning at the lowest capacity and that the efficiency increased as the
capacity increased.

TaBLE 54.—Relation of efficiency to capacity, furnace doors cracked after each firing.

Percentage Percentage : -
of rated Efficiency of rated Efficiency
capacity |. 72 capacity T2k,

developed. developed.

Per cent. Per cent.
118. 4 68. 02 97.4 66. 65
107.9 67.08 92.7 65. 04
103.9 69. 10 90.6 65. 87
98.8 + 66.88 90. 5 68.10

Table 54 shows that the highest efficiencies were obtained when
running at high capacity and that with one exception, the reverse was
true. Supplying air by cracking the door, while it results in high
efficiency, is more liable to furnish a variable supply than an auto-
matic device, as it introduces the personal element.

With the furnace door cracked after firing, the lowest efficiency was
65 per cent. With the automatic air admission operated, the lowest
-efficiency was 62.3 per cent. With the automatic air admission not
operated, the lowest efficiency was 56.7 per cent.

CONCLUSIONS.

Air supply should be regulated to suit the combustion of different
kinds of coal. :

With the same coal burned in the same furnace, a proper amount of
air supplied at times of greatest distillation of volatile matter will
aid in obtaining higher capacity and higher efficiency than can be
had without such regulation.

When air is supplied in the same manner to the same coal in the
same furnace, the efficiency is practically determined by the rate of
combustion.

On the average, cracking the furnace door resulted in highest
capacities with the highest efficiencies, from which it would seem that

A}
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in general not enough air was supplied by the automatic air-admission
openings.

Air should be supplied automatically to the furnace, as this over-
comes in a measure the personal element.

In the average furnace the gases and air are not mixed thoroughly

and it is possible, e<pe01al]y -by cracking the furnace doors, to admit

large amounts of air into the furnace and reduce the visible products
of incomplete combustion at the expense of efficiency. (See tests of
Illinois coal in Table 50.) :

INFLUENCE OF VOLATILE MATTER IN FUEL ON THE
SMOKF PROBLEM.

From a study of the tables giving the results of the tests made
under Heine boilers, it appears that in all tests coal with low volatile
matter was burned most efficiently and with the least smoke. High-
volatile coals are more difficult to burn without loss than low-volatile
Coals, but the difficulty is not directly proportional to the percentage
of volatile matter. Some coals with less than 30 per cent of volatile
matter give off more smoke than others having 40 per cent. Ob-
servations of the behavior of coals when thrown into the furnace
indicated that some coals gave off their volatile matter at lower
temperatures than others, and that there was a difference in the
nature of the volatile matter.

This phase of the composition of coals is now undergoing laboratory
investigation under the direction of N. W. Lord. When these
investigations are completed valuable data will be at the command of
engineers who are called on to design furnaces for burning coal.
Horace C. Porter, who is conducting the experiments, has furnished
the following preliminary statement, which shows that among the
coals tested there is a wide difference in the character of the volatile
matter:

TaBLE 55.—Results of heating 10 grams of air-dried coal ten minutes.

‘Highest, ' Gas composition (calculated to undiluted gas).
tem-
i pera- 3 .
Kind of coal. ture in | Tare |Water.| Gas. —
coal in COa,. nants.e CO. | CHy. [CoHgabd| Ha | No.

retort.

At heating temperature
of 600° C.
°C | P.ct.|P.ct| Cec.

Connellsville, Pa..... 335 |oeeeefeaennen 8| 30.0 0 6.5 6.5 7.0 0 ¢50.0
Zeigler, IN............ 743 R O, 90 | 14.8 0 5.3 80 ......... 0 c71.9
At heating tempemture

of 600° C.
Connellsvxlle Pa ..... 441 4.9 3.2 190 6.3 82| 59| 36.9 23.7| 2.0{cl7.0
Zeigler, Ill............ 440 6.8 13.0 1731 15.7 7.0 114.4 | 19.0 22,21 2.81¢18.9

a Smoke-forming matter.
b Includes all higher paraffin calculated as CoHs.
¢ Includes small amount of air,
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TaBLE 55.—Results of heating 10 grams of air-dried coal ten minutes—Continued.

Highest Gas composition (calculated to undiluted gas.)
tem- .

Kind of coal. tg?,reai'n Tar. |Water.| Gas. Humie
coalin COs. |1 W1 CO. | CHy. | CoHs. | Hi. | Na.

retort. nants.

At heating temperature
of 700° C.
°C.|P.ct|P.ct]| C.c

3.5 583

Connellsville, Pa..... 562 | 1.0 3 3.0 7.2 | 54| 44.1 17.7 1 13.5 9.1

Zeiglor, Ill............ 545 7.8 | 14.0 471 8.5 51113.7| 5.6 0 1.1| 12.0
* Sheridan, Wyo....... 580 8.2 18.5]1,020 | 28.8 3.72.0| 18.6 6.8 ]15.1 7.0

Pocahontas, W. Va... 599 4.2 1.9 675 19 44| 3.9 44.4 16.1 | 28.5 .8

At heating temperature

of 800° C.

Connellsville, Pa...... 687 [ 12.6 4.511,3875 15 55| 6.9 24.9 12.1 { 33.1 | 216.0

Zeigler, I............ 680 9.3 | 13.9] 1,251 3.8 3.8116.0| 27.7 6.1)33.7| ¢8.9

Sheridan, Wyo.......[........ 7.9] 19.11,780 | 19.8 2.7(21.41 141 4.0 | 30.0 8.0

Pocahontas, W. Va...l........ 6.5 2.41 1,59 1.2 3.4 4.8 24.4 11.6 | 43.2 ] 11.4

cIncludes small amount of air.

The differences in the ease with which various coals give off their
smoke-producing constituents are strikingly shown by the accom-
panying diagram (fig. 40), in which all these volatile substances are
grouped, the total percentages given off being represented by the
vertical scale and the temperatures by the horizontal scale. The
behavior of the Illinois coal at temperatures between 600 and
700° C. contrasts strongly with the progressive distillation of Con-
nellsville coal, and the decline in production of volatile compounds
at temperatures over 700° shown by Wyoming coal is notably differ-
ent from the even increases shown by Illinois, Pocahontas, and Con-
nellsville coals.

HORSEPOWER FROM DIFFERENT COALS.

The facts presented in Table 56 were obtained by averaging more
than 200 tests on coals and lignites from 17 different States. All
these fuels were hand fired under a Heine boiler. The furnace was
set, with flat grates, which were 26 inches from the U tile on the lower
row of tubes, measured at about the center of the grate. Natural
draft was used in nearly all the tests. The d&mper was usually set
so as to get a draft of about 0.6 inch of water in the hood, this giving
from 0.12 to 0.30 inch in the furnace, varying with the coal and the
condition of the fire. On the assumption that the boilers at the
average good plant are run at approximately the same efficiency as
those at the government testing plant, the figures given in Table 56
for coal per boiler horsepower per hour may be used as a basis for an
approximate determination of the total boiler horsepower at any
plant by dividing the amount of coal used per hour by the figures in
the table opposite the State from which the coal is supplied. For
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instaflce, a consumption of 460 pounds of best Illinois coal per hour
indicates that the total boiler horsepower developed would be about 100.

Tasue 56.—Efficiency 72* and coal burned per boiler horsepower per Thour.

HONSDUI=S

Coal 7 Coal
Num- Num-
berof | Effi- 2,1-] {’mi:ld berof | Effi- bmg"if
+-- State. tests | clency, |Pg DO State. tests | clency, |PSrboller
aver- | 72k orse- aver- |  72%, horse-
aged. power aged power
per hour. : per hour.
Per cent.| Pounds. Per cent. | Pounds.
Alabama......... o 3 66 4.2 Kcntuckv ............ 13 65 4
Arkansas............ 4 67 3.9 || Maryland............ 3 66 3
Colorado (lignite).... 1 61 6.0 || Missouri 7 63 5
Illinols (best coal).. .. 23 66 . 4.6 New Mexico 2 60 5
Tllinois (fair and poor * hio......... 26 64 4
coal). ... 21 61 5.0 || Pennsylvania 21 67 3
Indiana.............. 27 63 4.7 || Virginia 12 65 3
Indian Territory..... 4 64 4.5 || West Virginia.. ... .. 36 67 3
Towa......ocoeeeenn.. . 5 61 5.5 || Wyoming (lignite). .. 8 59 6
Kansas.............. 8 63 4.4

CENTRAL HEATING STATIONS.

The possibility of reducing smoke in cities by the use of central
heating plants was taken up as part of the general study of the smoke
problem. There is no doubt that in winter the small heating plants,
both in residences and in store buildings, contribute largely to the
smoke nuisance. This is because the small plant is poorly designed
for burning any but low-volatile fuels. When an attempt is made to
burn the cheaper coals, such as lar(re stations utilize, dense black
smoke results, often lastlng for several minutes after each coaling.
Moreover, the plant is not large enough to warrant careful operation
and the coal is fired in large quantities and at long intervals. To
obviate the difficulties of combustion high-priced coal is burned, this
being especially true in congested areas. It is evident that if for the
heating plants of several buildings could be substituted a central
station where a power-plant boiler of standard type could be installed,
a correct furnace constructed, cheap fuel utilized, and the plant
operated intelligently, much of the nuisance and discomfort from
the small plants would be overcome.

The central heatlng plant is not a new thmg, in fact some of the
plants have been in operation for twenty to twenty-five years.
Development in this direction has been very slow, however, until
within the last five or six years, when the idea has received renewed
attention. _

The data presented in Table 57 were obtained by sending a circular
letter to each of the central heating plants supposed to be in oper-
ation in the United States—150in all. Of these, 77 responded, 57
giving the information as tabulated; twenty stated that they were
out of business or inactive. The location of the 130 is given in the
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statement below. The tabulated statistics may be taken as fairly

representative of central heating plant conditions.

It will be noted

that the plants are most numerous in the States where coal is rela-

tively cheap.

Location and number of central heating plants.

Number

of plants.
Arkansas. ..oeeiennenaaniaann 1
(67)10) ¢V (o 1 2
Connecticut..................... 1
Georgia . ..ooviiiiiii i 1
Idabo... ... ... ... ... 1
Illinois........... e 24
Indiana......... e 17
Kansas. . ... e 1
Massachusetts . ........... I 2
Michigan................... e 3
Minnesota......ooovieieienann..- 3

Number

of plants.

Montana . ........ooviiiii.... 1
Missouri. ..ol 4
New Hampshire .............. e 1
NewYork....................... 10
North Dakota ................... 2
Ohio..c.cvin e 24
Pennsylvania.................... 25
Rhode Island ................... 1
TeXas. .. ooee e 1
Washington . .................... 1
Wisconsin.........c.ooiiiiean.. 4
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Of the 57 plants included in Table 57 only 12 were operating for
the express purpose of central heating. The remaining 45 were
supplying either light and heat, power and heat, or power, light, and
- heat. Steam heat is furnished by 38 plants, hot water by 17, and a
combination of steam and hot water by 2. The plants which have
been installed in the last five or six years show about an equal propor-
tion of steam and hot-water heating. The plants range in size from
300 to 16,000 horsepower; only 25 per cent are of 600 horsepower or
less. Sixteen of the plants have mechanical stokers. The price of
coal ranges from $4.60 per short ton in Montana to 90 cents in Tllinois,
the average cost from all the plants being $2.05 per short ton. Both
direct and indirect radiation are used, but by far the greater propor-
tion is direct. The greatest distance to which heat is sent from the
station varies considerably, but a reasonable distance seems to be
about 4,000 to 5,000 feet.

Payment for the use of steam is made in two ways—(1) at a flat
rate, based on square feet of radiating surface installed or on 1,000
cubic feet of contents heated, or (2) at a meter rate, based on 1,000
pounds of condensed steam. The price paid per square foot of radi-
ating surface averaged 33} cents, and varied from 22} to 65 cents.
The plants selling on a basis of 1,000 cubic feet of contents charged an
average of $4.46, the price varying from $2 to $6. On the basis of
1,000 pounds of condensed steam the payments averaged 504 cents,
ranging from 40 to 66 cents. One plant that sold heat on this basis
for 40 cents intimated that such a rate was not profitable.

The hot-water plants sold heat only on the basis of square feetof
radiating surface installed, the average rate being 174 cents and the
range from 124 to 25 cents per square foot. Two plants, one selling
at 124 and the other at 154 cents, claimed that their prices were too
low for successful operation.

A comparison of the prices charged by central stations, as given in
Table 57, with the cost of fuel only for a house-heating boiler, as
published in Bulletin 366,2 shows that in many cases the cost of pro-
ducing heat on the premises equals the price charged by the central
station. When heat is purchased the customer avoids the annoyance
of having to supervise the operation of the heating plant, as well
as the dust resulting from the delivery of fuel and the removal of
ashes. Some allowance should also be made for the space that would
be occupied by the heater and for the expense necessary to install
and keep a boiler in repair.

The following suggestions have been made by the managers of the
plants and are worthy of consideration:

Heat from a central plant should be, as largely as possible, a
secondary product.

a Randall, D. T., Tests of coal and briquets as fuel for house-heating boilers: Bull. U. 8. Geol. Survey
No. 366, 1908, . 39.
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Heating mains should be concentrated and should not extend too
far from the station.

Direct radiation should be installed.

Mains should be of sufficient size to avoid the necessity of high
pressure at the station.

Heat should be under automatic control.

The flat rate is not a successful basis for payment the service
should be metered.

GENERAIL CONCLUSIONS ON SMOKE ABATEMENT.

Some general conclusmns from the facts set forth in this volume
are as follows:

The flame and the distilled gases should not be allowed to come
into contact with the boiler surfaces until combustion is complete.

Fire-brick furnaces of sufficient length and a continuous or nearly
continuous supply of coal and air to the fire make it possible to burn
most coals efficiently and without smoke.

Coals containing a large percentage of tar and hea,vy hydro-
carbons are difficult to burn without smoke and require special
furnaces and more than ordinary care in firing. .

Briquets are suitable for use under power-plant conditions when
burned in a reasonably good furnace at the temperatures at which.
such furnaces are usually operated. In such furnaces briquets:

-generally give better results than the same coal burned raw.

In ordinary boiler furnaces only coals high in fixed carbon cam
be burned without smoke, except by expert ﬁremen using more than
ordinary care in firing.

Combinations of boiler-room equipment sultable for nearly all
power-plant conditions can be selected, and can be operated without
objectionable smoke when reasonable care is exercised.

Of the existing plants some can be remodeled to advantage.
Others can not, but must continue to burn coals high in fixed carbon
or to burn other coals with inefficient results, accompanied by more
or less annoyance from smoke. In these cases a new, well—designed
plant is the only solution of the difficulty.

Large plants are for obvious reasons usually operated more eco-
nomically than small ones, and the increasing growth of central
plants offers a solution of the problem of procuring heat and power at
a reasonable price and without annoyance from smoke.

The increasing use of coke from by-product coke plants in sections
where soft coal was previously used, the use of gas for domestic pur-
poses, and the purchase of heat from a central plant in business and.
residence sections all have their influence in making possible a clean.
and comfortable city.
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BurLerin 332. Report of the United States fuel-testing plant at St. Louis, Mo.,
January 1, 1906, to June 30, 1907; J. A. Holmes, in charge 1908. 299 pp.

Burretiv 334. The burmng of coal without smoke in boiler plants; a preliminary
report, by D. T. Randall. 1908. 26 pp. 5 cents.

BurLeTIN 336. Washing and coking tests of coal and cupola tests of coke, by Rich-
ard Moldenke, A. W. Belden and G. R. Delamater. 1908. 76 pp. 10 cents.

BurLeriv 339. The purchase of coal under government and commercial specifica-
tions on the basis of its heating value, with analyses of coal delivered under govern-
ment contracts, by D. T. Randall. 1908. 27 pp. 5 cents.

Burrerin 343. Binders for coal briquets, by J. E. Mills. 1908. 56 pp.

BurLLetiN 362. Mine sampling and chemical analyses of coals tested at the United
States fuel-testing plant, Norfolk,Va.,in 1907, by J.S. Burrows. 1908. 23pp. 5cents.

BuiLeTiN 363. Comparative tests of run-of-mine and briquetted coal on locomo-
tives, by W. F. M. Goss. 1908. 57 pp.

BULLETIN 366. Tests of coal and briquets as fuel for house-heatmg boilers, by D. T.
Randall. 1908. 44 pp.

BuLLemin 367. Significance of drafts in steam-boiler practice, by W. T Ray and
Henry Kreisinger. 1909. 61 pp.

BurLeTin 368. Washing and coking tests of coal at Denver, Colo., by A. W. Belden,
G. R. Delamater, and J. W. Groves. 1909. 54 pp., 2 pls. :



186 SMOKELESS COMBUSTION OF COAL.
MISCELLANEOUS PUBLICATIONS ON SMOKE ABATEMENT.

The following references supplement the list of books and papers
given in Bulletin 334.

BreckeENRIDGE, L. P., How to burn Illinois coal without smoke: Univ. Illinois
Eng. Exper. Sta. Bull. No. 15, Urbana, Ill., 1907, pp. 43. Discusses principles of
smokeless combustion and causes of smoke; describes various types of furnaces and
boiler settings that have given satisfactory results

Kersgaw, J. B. C., The smoke problem in large cities: Fortn. Rev. , February,
1908, pp. 286-299. Mentlons measures taken in France, Germany, and Austria to
abate smoke; refers to the work of the Hamburg Society for the Prevenmon of Smoke
and of the London Coal Smoke Abatement Society.

Kravuse, JoEN W., Smoke prevention: Proc. Eng. Soc. Western Pénnsylvania,
March, 1908, pp. 101—120. Reviews progress in smoke prevention in several cities,
particularly Cleveland, Ohio; discusses causes of smoke and methods of abatement.

Kunzg, Epwarp J., Smoke suppression: Engineer, January 31, 1908. Describes an
instrument for smoke determination and a method of recording observations.

Smoke Prevention in Newark, N. J.: Eng. Record, January 18, 1908, pp. 72-73.
Gives new city ordinance against dense smoke and describes an automatic steam-jet
device for preventing smoke.
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